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The study represents the genetic overview of non-polio enteroviruses (NPEV) isolated from acute flaccid
paralysis (AFP) cases in Yunnan Province from 2006 to 2010. Molecular typing based on VP1 nucleotide
sequence was carried out on 98 NPEV isolates, and 33 serotypes were identified. EV-B was detected most
frequently with an overall prevalence of 71.4%, followed by EV-A (18.4%) and EV-C (10.2%). No EV-D was
identified. NPEV positive rate was higher in children ,3 years of age and in summer and autumn months.
Clinically, 68.4% patients presented with fever, and 16 cases (16.3%) were classified as Guillain-Barré
syndrome, followed by myositis (13.3%). The phylogenetic analysis on the VP1 and 3D regions of prevalent
serotypes provided evidence for recombination events among them. EV-A71, an important pathogen
previously demonstrated to be associated with paralysis, had also been detected (n 5 8) in this study and they
all belonged to genotype C4. Great genetic divergence between Yunnan isolates and strains from other
regions of the world was revealed. The findings of the study are of great importance for further research on
molecular evolution of EV under the circumstance of no specialized EV surveillance system in China.

T
he genus Enterovirus within the family Picornaviridae consists of positive sense single stranded RNA viruses,
including polioviruses (PV), coxsackieviruses A (CVA) and B (CVB), echoviruses (E), and the numbered
enteroviruses (EVs)1,2. Based on phylogenetic relationships in multiple genome regions, the serotypes of

human enteroviruses are classified into 7 species, EV-A to D and human rhinovirus (HRV)-A to C3,4. Each species
comprises a large number of different serotypes, whose number is constantly increasing due to continual
discovery of new serotypes5–7. EVs are transmitted through the fecal–oral route and infect millions of people
worldwide each year, particularly children. Although usually associated with asymptomatic infections, EVs can
cause severe diseases including acute flaccid paralysis (AFP), meningitis, encephalitis, and hand, foot and mouth
disease (HFMD)8–11. Though PV is considered as the main cause of AFP, many non-polio AFP cases have been
usually reported12–14.

Since the early 1980s, the polio incidence in China has dropped significantly due to widespread use of the oral
polio vaccine (OPV). The last case of laboratory-confirmed wild-type poliovirus (WPV) occurred in Yunnan
Province in 1993. In connection with the Global Eradication Programme of Poliomyelitis led by the World Health
Organisation (WHO), there is ongoing surveillance of AFP in China, and the monitoring system has been fully
developed in Yunnan since 1994. In addition to PV, non-polio enteroviruses (NPEV) have been frequently
isolated through AFP surveillance. Previous study has described the serotypes and molecular epidemiology of
NPEV in Yunnan in 1997–2000 and 200415. In this study, to understand the possible alteration in serotype
spectrums in following years, especially under the circumstance of national HFMD epidemic since 2007, we
investigate the NPEV isolates from AFP cases and present different epidemiological and clinical features assoc-
iated with enterovirus infections in Yunnan Province from 2006 to 2010. Besides, we describe the phylogenetic
relationships of the EV-B predominant serotypes based on VP1 and 3D regions, and analyze the recombination
among these serotypes and other reference strains.
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Results
Isolation. During the 5-year study from 2006 to 2010, PVs and
NPEVs were isolated from 51 and 98 AFP cases, respectively. Of
51 PV positive cases, PVs could be isolated from the double
specimens of 38 cases and from the single specimen of 13 cases.
All PV positive samples produced cytopathic effect (CPE) both in
human rhabdosarcoma (RD) and human poliovirus receptor-CD155
expressing recombinant murine (L20B) cells. These isolates were
identified as PV by neutralization test, and 42 strains were
identified as single-type PV (PV1 5 8, PV2 5 23, PV3 5 11) and
9 strains were identified as mixed-type PV [PV(1 1 2) 5 5, PV(1 1

3) 5 2, PV(2 1 3) 5 2]. PV isolates were forwarded to the Regional
Reference Polio Laboratory. Fifty strains were confirmed to be Sabin-
like strains, and another one (sample NO. 10-YN-2010AFP) was
confirmed to be vaccine-derived poliovirus (VDPV) with 9 VP1
nucleotide substitutions. The comparison of the nucleotide/amino
acid mutations between local VDPV strain (10-YN-2010AFP) and
Sabin 2 has been provided in Supplementary Table S1. The VDPV
case was a 1 year old boy with no inoculation history of OPV. On 60-
day follow up after the onset of paralysis, the VDPV cases still
presented residual paralysis. Further investigation revealed no
secondary cases of VDPV from the close contacts and other
healthy children in local area.

Of 98 NPEV positive cases, NPEVs could be isolated from the
double specimens of 86 cases and from the single specimen of 12
cases. All samples from these 98 cases produced CPE only in RD cells
while not in L20B cells. The isolation rate of NPEV was 8.9% (98/
1097) during the 5 years. VP1 RT-PCR and sequencing were per-
formed and molecular typing was conducted. The sequences of 98
strains were all successfully amplified by using 6 pairs of primer
designed for EV-A to C. So the primers directed towards EV-D have
not been used. The results revealed that the 98 NPEVs belong to 33
serotypes (Table 1): 18 isolates (18/98, 18.4%) were classified into 7
serotypes of EV-A (including CVA: 8/98, 8.2%; numbered EVs: 10/
98, 10.2%), 70 isolates (70/98, 71.4%) into 22 serotypes of EV-B
(including E: 62/98, 63.3%; CVB: 4/98, 4.1%; and CVA9: 4/98,
4.1%), and 10 isolates (10/98, 10.2%) into 4 serotypes of EV-C
(including CVA: 6/98, 6.1%; numbered EVs: 4/98, 4.1%). EV-B
was considered the predominant species in Yunnan Province. No
isolates belonged to EV-D species. E13 (9.2%), E6 (8.2%), E25 (8.2%),
EV-A71 (7.6%) and E30 (6.2%) were the most frequently isolated
serotypes. Twelve serotypes (CVA8, EV-A76, EV-A90, E2, E11, E12,
E20, E24, E32, CVB2, CVA11 and CVA17) were detected only
once.

Homologous comparison. Among EV-A members, two CVA10
strains isolated in 2006–2007 exhibited great nucleotide diver-
gence from prototype strain in the range of 21.0–23.3%. Kowalik
(AY421767) as the CVA10 prototype strain was first isolated from
a patient suffered from meningitis in New York, 195316. Similarly, the
three CVA2 isolates had 8.4–19.5% nucleotide divergence with each
other. However, the EV-A71 isolates in this study had relatively less
nucleotide divergence (range, 0.1–5.7%). Two new enterovirus
serotypes in this species were found, namely, EV-A76 and EV-A90.

E13, E6 and E25 were the three most common serotypes, and they
all belonged to EV-B species. E13 and E6 were detected every year
during the surveillance period. VP1 nucleotide sequence alignment
showed that the nine isolates of E13 had high nucleotide divergence
(23.1–24.0%) with the prototype strain, Del Carmen (AY302539)
which was isolated from 4-month-old female in Philippine Islands,
195317. E30 had 15.8–16.6% nucleotide divergence with the pro-
totype strain Bastianni (AF162711) which was isolated from a patient
suffered from aseptic meningitis in New York, 195818. E14 could be
detected with 1–2 strains every year during 2006–2009, but the 5
strains exhibited high nucleotide divergence ranging from 6.8–
17.7%. Two strains of E15 isolated in the same year demonstrated

a relatively high nucleotide divergence of 17.2%, which indicated that
they originated from different chains of transmission.

Among the 4 EV-C serotypes identified in this study, CVA11 was
not detected until 2006, and only one CVA17 was isolated, suggesting
that these two serotypes circulated in Yunnan at a low prevalence.
Four isolates of EV-C96 had 20.4–21.9% nucleotide divergence from
the prototype strain BAN00-10488 (EF015886) isolated in
Bangladesh, 20007. This serotype is frequently isolated from healthy
persons or AFP patients in China15,19.

Epidemiological and clinical data. Of total 98 isolates, 46 (46.9%)
were isolated from males and 52 (53.1%) from females with a sex
ratio of 151.1. NPEV infections were found to be significantly higher
in pre-school children aged ,3 years (64/98, 65.3%) than in school
children aged 4–6 years (17/98, 17.4%), 7–11 years (12/98, 12.3%),
and 12–15 years (5/98, 5.1%).

The clinical data of all 98 NPEV positive patients were analyzed.
Sixty-seven (68.4%) patients were found to have fever at the onset of
paralysis. Other clinical symptoms included diarrhea (9 cases, 9.2%),
neck stiffness (6 cases, 6.1%), muscle pain (33 cases, 33.7%) and
upper respiratory tract infection (7 cases, 7.1%). All 98 AFP cases
presented paralysis during onset. Single lower limb paralysis (43
cases, 43.9%) and lower limbs paralysis (32 cases, 32.7%) accounted
for most cases, and followed by unilateral paralysis (13 cases, 13.3%),
limbs paralysis (8 cases, 8.2%) and single upper limb paralysis (2
cases, 2.0%). The most common diagnosis for NPEV positive AFP
cases was Guillain-Barré Syndrome (16 cases, 16.3%), followed by
myositis (13 cases, 13.3%) and viral encephalitis (10 cases, 10.2%).
On 60-day follow up after the onset of paralysis, residual paralysis
was still present in 20 patients (20.4%), including 13 cases (13.3%) in
the age of 0–5 years and 7 cases (7.1%) in the age of 6–14 years. The
numbers of cases with residual paralysis on single lower limb, lower
limbs, upper limbs, unilateral limbs and single upper limb were 8, 4,
4, 3 and 1, respectively. Twelve NPEV serotypes were found in asso-
ciation with the 20 residual paralysis cases which included E13 and
EV-A71 (3 each), E6, E19, E21 and E30 (2 each), CVA2, CVA24,
CVA9, E11, E25 and EV-A76 (1 each). There were 21 children died
within 60 days of the onset of paralysis owing to the severity of
disease, but no enterovirus were isolated in RD or L20B cells from
the specimens of the 21 patients.

Monthly distribution of NPEVs. NPEV positive AFP cases were
detected throughout the year. The distribution of 33 serotypes in
12 months was shown in Fig. 1. Obviously, most NPEV positive
samples were isolated in summer and autumn, namely April–June
(30.6%), July–September (34.7%) than January–March (17.3%) and
October–December (17.3%), which was consistent with the typical
pattern of enteroviral infections20,21. No distinct aggregation of a
single serotype in every month was observed during the 5-year study.

Isolation and phylogeny of EV-A71. Eight strains of EV-A71 were
detected during the 5 years. The phylogenetic relationship with 55
reference isolates from other regions of the world was analyzed based
on complete VP1 sequences (Fig. 2). Yunnan EV-A71 strains
grouped with the isolates from Japan, Korea, Taiwan and the
mainland China, and have been classified into subgenotype C4.
Seven EV-A71 was closely related with the Yunnan EV-A71
isolated from HFMD patients, and the other one (strain 206-08)
was clustered close to the Beijing strain, with 100% bootstrap
value, which revealed the possibility of long-term transmission of
the virus. These EV-A71 showed 93.3–98.9% identity with other
reference strains of C4 and .10% divergence with the strains of
other subgenotypes. Nucleotide identities within Yunnan strains
were 94.3–99.0%.

Phylogeny of prevalent serotypes and recombination analysis. Of
the 33 different types, E13, E6, E25 and E30 were predominant EV-B

www.nature.com/scientificreports

SCIENTIFIC REPORTS | 4 : 6058 | DOI: 10.1038/srep06058 2



serotypes during the 5 years. To examine the extent of intra- or inter-
serotype recombination, VP1 and 3D regions of the 31 strains of
these 4 serotypes were sequenced. Phylogenetic trees (Fig. 3) were
constructed on the VP1 and 3D sequences in comparison with the
prototype strains and reference strains. In the VP1 tree, all isolates
formed monophyletic clusters with their prototype strains and

corresponding reference strains according to their serotype, as is
expected since VP1 is the bases of serotype designation.

In comparison on the phylogeny between VP1 and 3D trees, some
strains (E13: 160-08, 139-09, 17-07, 1-10, 126-07; E6: 146-09, 261-06,
49-08, 83-08; E25: 156-07, 184-08, 34-08, 154-08; E30: 13-06, 46-06,
8-06, 116-06, 180-06) displayed consistent grouping (Fig. 3). The
Pairwise p-distance showed the nucleotide divergence among each
serotype showed little genetically in the two region: E30: 0–2.5%, E25:
0.1–3.0%, E6: 0–6.7%, E13: 0.4–11.3% in VP1 region respectively,
and E6: 0–7.6%, E13: 0–8.7%, E25: 0–2.2%, E25: 0–4.2% in 3D region.
There is thus no evidence for recombination among above strains.

In contrast, among the local strains, five E30 strains were clustered
with two E25 strains with 100% bootstrap value. Similarly, four E6
strains were clustered with two E13, and five E13 strains were clus-
tered with one E30, all with 100% bootstrap values. Hence, it could be
inferred that inter-recombination events occured among these ser-
otypes. Some strains displayed incongruent tree topologies and
inconsistent inter-serotype clustering in VP1 and 3D regions. For
example, strains 169-07-E25, 136-07-E6 and 82-07-E30 were closely
related to reference strains of different serotypes (respectively,
JX976773-E30, JX976772-E25 and JQ729993-E6) in 3D region with
high bootstrap values. Other strains (163-07-E6, 193-06-E13, 210-
06-E25 and 71-10-E6) were no longer clustered with their prototype
strains and corresponding reference strains in the 3D tree. So, the
results presented here suggest intra- and inter-recombination events
among these prevalent strains. The clinical data of patients whom

Table 1 | Serotypes and annual isolation of NPEVs in Yunnan Province, 2006–2010

Serotypes

Numbers of isolates
nt (aa) divergence with

prototype strain (%)
nt (aa) divergence among

Yunnan isolates (%)2006 2007 2008 2009 2010 N %

EV-A
EV-A71 0 2 3 0 3 8 8.2 16.8–18.2(8.4–9.8) 0.1–5.7(0–2.8)
CVA2 2 0 1 0 0 3 3.1 18.2–19.6(7.7–9.4) 8.4–19.5(5.6–10.3)
CVA5 0 2 0 0 0 2 2.0 18.5–18.7(3.8–4.6) 2.3(2.3)
CVA8 1 0 0 0 0 1 1.0 15.2(1.6) —
CVA10 1 1 0 0 0 2 2.0 21.0–23.3(4.5–5.2) 4.5(0.7)
EV-A76 0 0 1 0 0 1 1.0 13.2(2.5) —
EV-A90 1 0 0 0 0 1 1.0 9.1(1.1) —
EV-B
E13 2 2 1 2 2 9 9.2 23.1–24.0 (7.5–9.4) 0–15(0–1.9)
E6 1 2 2 2 1 8 8.2 20.3–22.7(2.9–3.7) 0–21.5(0–2.9)
E25 3 2 3 0 0 8 8.2 17.3–18.1(1.7–3.4) 0–8.8(0–1.7)
E30 5 1 0 0 0 6 6.1 15.8–16.6(1.5–3.2) 0–3.9(0–1.2)
E14 1 1 1 2 0 5 5.1 19.9–22.8(3.4–4.3) 6.8–17.7(0–2.6)
E3 0 2 1 1 0 4 4.1 15.9–16.5(1.3–2.6) 0.2–5.4(0.6–1.3)
CVA9 2 0 2 0 0 4 4.1 19.3–20.1(3.2) 2.9–14.4(0–2.4)
E4 0 2 1 0 0 3 3.1 17.4–18.5(5.5–6.3) 0–4.4(0–0.8)
E19 3 0 0 0 0 3 3.1 21.2 (6.4) 0(0)
CVB3 1 0 1 1 0 3 3.1 20.1–20.7(2.7–3.1) 5.8–7.7(0–0.4)
E7 1 0 0 1 0 2 2.0 18.6–20.4(4.1–5.3) 5.3(2.0)
E15 0 2 0 0 0 2 2.0 22.3–24(9.5–13.1) 17.2(4.4)
E16 0 2 0 0 0 2 2.0 18.1–18.3(3.5) 4.7(0)
E21 2 0 0 0 0 2 2.0 17.6(2.1) 0.1(0)
E29 2 0 0 0 0 2 2.0 21.2(4.7–5.5) 1.8(2.4)
E2 1 0 0 0 0 1 1.0 23.2(8.2) —
E11 0 0 1 0 0 1 1.0 20.7(8.8) —
E12 0 0 1 0 0 1 1.0 19.1(3.1) —
E20 1 0 0 0 0 1 1.0 20.1(2.8) —
E24 0 0 0 0 1 1 1.0 18.4(3.6) —
E32 1 0 0 0 0 1 1.0 19.8(8.9) —
CVB2 1 0 0 0 0 1 1.0 17.1(2.8) —
EV-C
CVA24 2 0 2 0 0 4 4.1 18.9–21.5(4.3–10.8) 13.4–20.0(3.4–10.1)
EV-C96 2 0 1 1 0 4 4.1 20.4–21.9(10.2–12.2) 8.6–12.9(4.9–8.3)
CVA11 1 0 0 0 0 1 1.0 23.4(5.8) —
CVA17 0 0 0 1 0 1 1.0 19.8(4.4) —
Total 37 21 22 11 7 98 100 — —

Figure 1 | Monthly distribution of EV species in AFP cases in Yunnan
Province from 2006 to 2010. (PV was excluded from HEV-C).
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Figure 2 | Phylogenetic tree depicting the relationships among the VP1 sequences of the EV-A71 isolates. The local Yunnan strains are indicated by

blank round, and the prototype strain of EV-A71 is indicated by black triangle.
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Figure 3 | Phylogenetic trees on VP1 (a) and 3D (b) regions of 4 prevalent serotypes in Yunnan Province and reference strains. The local Yunnan strains

are indicated by blank round, and prototype strains of the 4 serotypes (E30: Bastianni, E6: Lytic, E25: JV-4 and E13: Del Camen) are indicated by black

triangle.
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those strains were isolated from was provided in Supplementary
Table S2, but from which we still could not come to conclusion by
analyzing the relevance between the clinical features of these patients
and recombination strains based on these limited information.

Discussion
During 2006–2010, in the 51 AFP cases associated with PVs, Sabin-
like strains were detected from 50 cases, and another type 2 VDPV
strain was isolated from a 1-year-old patient. This was the first
detecting of VDPV in Yunnan Province. VDPV defined as Sabin
vaccine viruses that show greater than 1% drift within the VP1 region
of the genome, represents a major challenge to the eradication of
polio. The first outbreak of poliomyelitis associated with VDPVs was
reported in the Dominican Republic and Haiti from 2000 to 200122.
Subsequent VDPV outbreaks occurred in the Philippines, China,
Indonesia, Cambodia, Madagascar and more recently in Myanmar
and Nigeria, the Philippines, China, Indonesia, Cambodia and
Madagascar23–26. Thus, VDPVs will become increasingly important
as the prevalence of wild polioviruses decreases, and the outbreaks
also highlight the importance of maintaining sensitive poliovirus
laboratory surveillance.

After more than 40 years of use and many billions of doses admi-
nistrated worldwide, OPV has been associated with very few adverse
events. The most commonly recognized adverse event is vaccine
associated paralytic poliomyelitis (VAPP). Nevertheless, the incid-
ence of VAPP is low and similar in most countries, such as Latin
America, England, and so on27–29. In the United States, the risk of
VAPP in first-dose OPV recipients is about 1 case per 750,000 chil-
dren immunized30. Similarly, in this study, 6 cases (,2 years old)
were diagnosed as VAPP of the 51 cases associated with PVs during
the 5-year surveillance. Among 6 VAPP cases, 3 had ever received
one dose of OPV, and the other had none. Of the 6 VAPP cases, 5
were caused by type 2 Sabin-Like strains, another one by type 3.
During 2006–2010, about 30,463,390 doses of OPV were used in
routine immunization and supplementary immunization in
Yunnan Province, which indicated that the risk of VAPP was very
low indeed.

In addition to PVs, many NPEVs have been isolated from AFP
surveillance. In terms of distribution of NPEV types in AFP cases,
there were slight changes on the composition ratio of NPEV com-
paring to that of a few years ago. The proportion of coxsackieviruses,
echoviruses and the numbered enteroviruses were 24.21%, 65.26%
and 10.53%, respectively in previous 5 years (1997–2000, and 2004)
in Yunnan Province15, and 22.45%, 63.26% and 14.28%, respectively
in this study, indicating that more new EV types have been identified
in recent years. EV-B is the most common and diversified EV species.
During 10 years of AFP surveillance in Yunnan Province, EV-B
species account for 73.3% of total isolation, which is in accordance
with the study from Taiwan31. The predominant serotypes have
changed partly during the 10 years. In addition to the E13 and E6
which were still the main serotypes, other predominant serotypes
E14 (5.6%), E12 (5.6%) and CVA24 (5.6%) had been replaced by
E25 (8.2%), EV-A71 (8.2%) and E30 (6.1%). E13 and E6 are fre-
quently associated with acute infections in children and are recog-
nized as important causes of outbreaks of viral meningitis
worldwide32–35. But to the best of our knowledge, no documented
outbreaks of aseptic meningitis caused by these serotypes had been
reported yet in Yunnan Province.

AFP has multiple etiologies, including GBS, transverse myelitis
and transient or occasionally permanent paralyses associated with
NPEV infections36. In this study, of total 1097 cases, the major con-
dition of illness was GBS (226 cases, 20.6%) which is consistent with
the findings in other countries37–39. The other clinical symptoms were
myelitis, myositis, viral encephalitis, traumatic Neuritis, meningitis,
myopathy, cerebellitis and acute infantile hemiplegia. During the 5-
year AFP surveillance, there were 202 cases presenting residual para-

lysis on 60-day follow-up, in which poliovirus and NPEV were iso-
lated from 28 and 20 patients, respectively. Besides EV infection, AFP
can be resulted from many other causes, and EVs just account for a
small proportion. Therefore, further studies are needed to explore the
spectrum of the pathogens. There were 21 children died within 60
days of the onset of paralysis owing to the severity of disease.
However, for the patient with death, no association could be found
out between the age and NPEV/PV infection, and the death may be
attributed to other causes rather than infection of EVs.

EV-A71 is divided into three genogroups: A, B, and C. BrCr, the
prototype strain, is the only member of genogroup A. Most EV-A71
isolates belong to either genogroups B or C, which are each further
divided into five genotypes or subgenogroups, B1–B5 and C1–C540.
EV-A71 infection has become a major public health problem since
1997 in developed and developing countries in the Asia-Pacific
region and it has a potential to spread further. In China, large scale
outbreak of HFMD associated with EV-A71 emerged in Shandong
Province in 200741. The nationwide epidemics of EV-A71 started in
2008, beginning as an outbreak of unknown viral infection in Anhui
Province, and spreading into other provinces quickly42–44. Since 2009,
HFMD associated with EV-A71 has been popular throughout
Yunnan Province. Evidence from molecular epidemiology con-
firmed that these outbreak or pandemic in the mainland China were
caused by subgenotype C4. Interestingly, in recent years, the number
of EV-A71 isolates from AFP cases also increased. Eight EV-A71
strains—all belonging to C4 subgenotype—were identified in the
study, as is different with the results from previous study with only
1 EV-A71 isolates in Yunnan in 1997–2000 and 200415. It is well
known that EV-A71 often causes epidemics of severe neurological
diseases especially in children ,5 years of age. For the residual para-
lysis cases of this study, although EV-A71 was detected in 3 cases at
the onset of paralysis, it was still to be noted that EV-A71 was found
in the recovered cases, and it was reported that EV-A71 can also be
detected from healthy children20. Hence, the severity of infection
(sever or asymptomatic) may be explained by other factors such as
differences in the pre-existing immunity of pediatric population,
differences in host genetic susceptibility, and so on.

Recombination has been widely reported between enteroviruses.
Enterovirus species B has been shown undergo much more frequent
recombination events than found for species A45–47. Genomic recom-
binations are well known to contribute to genetic variations and
evolution of enteroviruses48. Isolates sharing similar VP1 genes but
differing in other parts of the genome (3C or 3D) may display dif-
ferent epidemiological or clinical properties49. Since recombination
events usually occur in non-structural coding regions, and in order to
investigate the genetic relationship between our predominant sero-
types (all belonged to EV-B) and reference strains, phylogenetic trees
based on VP1 and 3D regions were constructed. The analysis sug-
gested that closely related VP1 regions can be associated with diver-
gent 3D regions, and the intra- and inter-recombination events
occurred during the evolution of these viruses. Thus more epidemio-
logical and clinical investigation of NPEV infections is needed to
learn about the different pathogenic properties of the virus which
experienced recombination.

In conclusion, this study presented a genetic overview on the
NPEVs isolates from AFP cases in Yunnan Province during 2006–
2010, and explored the possible link between NPEV infections and
AFP cases.

Methods
Ethics statement. Ethical approval was given by the Ethics Review Committee of the
Yunnan Center for Disease Control and Prevention, and the study was conducted in
compliance with the principles of the Declaration of Helsinki. Written informed
consent for the use of the clinical samples was obtained from the legal guardian of the
patient.

Patients and sample collection. Yunnan Province is located in southwest China with
an area of 390,000 square kilometers and a population of 45.966 million (2010 census
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data). A total of 1097 AFP cases aged ,15 years were reported from 16 prefectures
under the AFP surveillance system in Yunnan Province between 2006 and 2010. All
cases had at least one stool specimen (double specimens collected in1085 cases, single
specimen collected in 12 cases) with an interval of 24–48 hr between collections and
within 14 days from the date of onset of paralysis. Specimens were transported to the
provincial polio laboratory under cold chain conditions for detection. Patient
information was recorded on a standard questionnaire including demographic
information, clinical presentation, and other epidemiological data. Finally, a 60-day
follow-up for AFP cases was carried.

Virus isolation, neutralization test. All stool specimens collected from AFP patients
were processed according to the WHO protocols accepted for the program50. RD and
L20B cell lines were used to isolate the viruses. A total of 200 ml of treated specimen
was inoculated into culture tubes and the inoculated cells were examined every day.
The stool specimens producing CPE only in RD cells and not in L20B cells were
considered to contain NPEV51. Within 14 days, when CPE was obtained, the viruses
were harvested and stored under frozen conditions (220uC). The micro-
neutralization assay was carried out in 96-well tissue culture plates using poliovirus
type-specific rabbit polyclonal antisera [National Institute for Public Health and the
Environment (RIVM), Bilthoven, The Netherlands].

Amplification, sequencing and typing. Viral RNA extraction and RT-PCR were
performed using QIAamp viral RNA mini kit (Qiagen, Valencia, CA, USA) and
Access QuickTM RT-PCR system (Promega, USA), respectively according to the
manufacturers’ instructions. Primers pairs16,41,52 using for VP1 RT-PCR and
nucleotide sequencing were listed in Table 2, and primer pairs were designed to
amplify 3D region of EV-B viruses. RT-PCR were carried out as followed: 5 ml viral
RNA was added to RT-PCR mixtures (total volume, 40 ml) containing Access Quick
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