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Abstract

Background: To characterize the human humoral immune response against enterovirus 71 (EV71) infection and
map human epitopes on the viral capsid proteins.

Methods: A series of 256 peptides spanning the capsid proteins (VP1, VP2, VP3) of BJ08 strain (genomic C4) were
synthesized. An indirect enzyme-linked immunosorbent assay (ELISA) was carried out to detect anti-EV71 IgM and
IgG in sera of infected children in acute or recovery phase. The partially overlapped peptides contained 12 amino
acids and were coated in the plate as antigen (0.1 pg/ul). Sera from rabbits immunized with inactivated BJO8 virus
were also used to screen the peptide panel.

Results: A total of 10 human anti-EV71 IgM epitopes (vp1-14 in VP1; vp2-6, 21, 40 and 50 in VP2 and vp3-10, 12,
15, 24 and 75 in VP3) were identified in acute phase sera. In contrast, only one anti-EV71 IgG epitope in VP1 (vp1-
15) was identified in sera of recovery stage. Four rabbit anti-EV71 IgG epitopes (vp1-14, 31, 54 and 71) were
identified and mapped to VP1.

Conclusion: These data suggested that human IgM epitopes were mainly mapped to VP2 and VP3 with multi-

epitope responses occurred at acute infection, while the only IgG epitope located on protein VP1 was activated in
recovery phase sera. The dynamic changes of humoral immune response at different stages of infection may have
public health significance in evaluation of EV71 vaccine immunogenicity and the clinical application of diagnostic

reagents.
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Background
Human enterovirus 71 (EV71) is one of the major cau-
sative pathogens for human hand foot and mouth dis-
ease (HFMD). EV71 was first isolated in California in
1969. HEFMD is common infectious disease frequently
occurring in infants and children. Although it usually
has no life threatening, the most severe neurological dis-
ease caused by EV71 may cause death. Therefore, EV71
is widely considered as one of the most important viru-
lent neurotropic enteroviruses after the eradication of
poliomyelitis [1].

During the last decade, outbreaks of HFMD have
occurred worldwide and the incidence rate was
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significantly increased throughout the Asia-Pacific
region [2-8]. The continuing increased HFMD epidemics
in China over the last 3 years indicated HFMD has been
an important public health concern [6-8]. Due to the
absence of effective antiviral therapy for severe EV71
infections, the development of efficacious vaccine is a
top priority to effectively prevent this disease.

EV71 is a picornavirus, belonging to the type A non-
polio enteroviruses family [9]. It has a positive sense lin-
ear single stranded RNA genome of approximately 7,400
nucleotides, with a single open reading frame that
encodes 4 capsid proteins (VP1-4). VP4 is located inside
the virus capsid and connected tightly with the viral
genome. Other three proteins (VP1-3) are exposed out-
side of the capsid and consequently immunologically
reactive epitopes may reside in these proteins [10].
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Previous studies using animal infectious models to
develop vaccine found that majority of neutralizing anti-
body were elicited by the epitopes on VP1 protein
[11-14]. Therefore, most relevant researches have
focused on VP1 protein but neglecting the fact that VP2
and VP3 are also important components of EV71 virion.
They play a role in eliciting immune responses during
infection. Until now, no human epitope has been identi-
fied on VP2 and VP3 proteins. Usually, an acute viral
infection should lead to certain epitope inducing an IgM
response, which is a significant marker for early diagno-
sis of disease, as well as for the prompt treatment of the
severe cases. However, almost all of the known epitopes
on VP1 only elicit an IgG response.

To extend the range of defined EV71 epitopes, we
employed a panel of synthetic peptides covering all
three external capsid proteins (VP1-3) as antigen to
screen IgM and IgG antibodies specifically for EV71 epi-
topes. The EV71 sera were obtained from infected chil-
dren at different stages of infectious disease (the acute
or recovery stage). Convalescent sera from rabbits were
immunized with inactivated BJ08 strain EV71 virus.

Materials and methods

Virus antigen and antigen peptides synthesis

Virus particles of EV71 BJ08 strain isolated from throat
swab samples of EV71 infected children in Beijing in
2008 [15] were inactivated as antigen for rabbit immuni-
zations. The inactivated EV71 virus with 95% purity was
kindly provided by the National Vaccine & Serum Insti-
tute (Beijing, China) at a concentration of 27.4 pg/ml.

A series of 256 overlapping peptides (each 12 amino
acids with a 9 amino acid overlapping), were synthesized
based on the deduced amino acid sequence of the VP1,
VP2 and VP3 proteins of EV71 BJ08 strain. The purity
of the synthesized peptides exceeded 70%. A peptide
from the surface antigen of Hepatitis B virus (Syg 39 -
IPQSLDSWWTSL) was synthesized as a control. All
peptides were resuspended in dimethyl sulfoxide at a
concentration of 10 mg/ml stock solution at -20°C. A
fresh working solution with a final peptide concentra-
tion of 0.1 ug/ml was prepared for coating antigen.

SPF grade New Zealand White female rabbits weigh-
ing 1.75-2.25 kg were used for experiments. All animals
were purchased from Resource Center for Experimental
Animals of the National Institute for Food and Drug
Control, China.

Human sera specimens

Eight anti EV71 sera were collected from infected chil-
dren in acute stage of HFMD (defined as within 3 days
after the appearance of the first symptoms). All sera
samples were confirmed as EV71 virus positive by PCR
detection of viral RNA [16], and were verified as no
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cross-reactivity for CA16 by microneutralization assay.
Eleven recovery sera samples (defined as 2 month after
illness onset) were also collected from recovered chil-
dren. All sera samples were collected by CDC in Jiangsu
Provence, China.

Sera from 4 healthy individuals with negative anti
EV71 IgM and/or IgG (screened by microneutralization
assay [17] and an in vitro indirect ELISA assay) were
used as controls in this study.

Viral RNA extraction and PCR amplification [16]

Viral RNA was extracted from clinical specimens using a
QIAamp Mini viral RNA Extraction Kit (Qiagen) according
to the manufacture’s protocol. The primers used for RT-
PCR are cited from reference 16. RT-PCR amplification was
performed using AccessQuickTM RT-PCR kit (Promega).
Cycle variables were reverse transcription at 45°C for 45
min, denaturation at 94°C for 5 min followed by 35 cycles at
95°C for 40 sec, 53°C for 40 sec, 72°C for 40 sec; and then a
final elongation step at 72°C for 5 min. The second round
amplification was performed in 25 pl volumes, which con-
tains 2.5 pl 10 x PCR reaction buffer, 1 ul 10 mM dNTP,
0.5 pl 10 mM each primer, 0.5 pl Taq (TaKaRa), 1 pl of the
first-round PCR product, and 19 pl Nuclease-Free Water,
under the same conditions as the first-round PCR, except
reverse transcription step. The PCR products were exam-
ined by electrophoresis with a 3.0% agarose gel.

Preparation of rabbit anti EV71 serum

Rabbit blood collected before immunization was used to
generate negative control sera. Equal volumes of heat-
inactivated EV71 BJ08 strain and complete Freund’s adju-
vant were thoroughly mixed to produce an emulsion.
Then the mixture of 3 ml was injected intramuscularly
into the rear foot pads and inner thigh muscles of a rab-
bits. Boosting immunizations were administered at day 7,
14, 28 and 42 post primary immunizations using the same
method with a exception of replacing Freunds’s complete
adjuvant with incomplete adjuvant. Fourteen days after
the last immunization, blood was collected by cardiac
puncture, and the sera were obtained and stored at -20°C.

Indirect ELISA assay for detecting anti EV71 IgM and IgG

Purified EV71 viral particles were diluted to a final
working concentration (0.01 pg/ul); meanwhile, the syn-
thetic peptides were diluted to a final concentration of
0.1 pg/pl in carbonate buffer (0.1 M pH9.6). These anti-
gen solutions were then coated separately into wells of a
96-well ELISA plate using 50 pl per well. The plate was
kept at 4°C over night, washed once with phosphate buf-
fered saline containing 0.05% Tween-20 (PBST), blocked
for 2 hours with 100 pl per well of casein buffer. Then
50 pl of appropriately diluted serum was added to each
well and incubated at 37°C for 30 min. The plate was
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then washed 5 times with PBST, followed by adding 50
ul horseradish peroxidase (HRP) conjugated goat anti-
rabbit IgG or goat anti-human IgG or goat anti-human
IgM (all diluted 1:40,000) and incubated for a further 30
min at 37°C, and the plate was wash for 5 times with
PBST. For visualization, 100 ul of TMB substrate solu-
tion was added into each well and incubated at 37°C for
10 mins in a dark situation. The optical densities (OD)
were measured at both 450 nm and 630 nm within 10
min after adding 50 pl 2 M sulfuric acid to stop the
reaction. Cutoff value was calculated as mean OD value
of the negative control. If the mean absorbance value of
the negative control was lower than 0.105, cutoff value
was treated as 0.105. Results were expressed in S/CO
value, which was calculated as the ratio of the OD value
obtained with the test sample to the cutoff value deter-
mined concurrently. The S/CO of 5 or higher was
scored as strongly positive reaction; values of 2.1-4.9 as
weakly positive and the S/CO of less than 2.1 was
scored as negative of humoral immune reaction. Goat
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anti rabbit IgG-HRP antibody, goat anti human IgG-
HRP antibody and goat anti human IgM-HRP antibody
were purchased from Bethyl Laboratories, USA.

Results

Epitopes stimulating an IgM response in pooled acute
sera

The ELISA results screening pooled acute disease sera
were shown in Figure 1. The majority of human IgM
epitopes were mapped to VP2 and VP3 proteins with
peptides vp2-6, vp2-21, vp2-40, vp2-50, vp3-10, vp3-15
and vp3-24 all judged as strongly positive reaction.
While in VP1 protein, only one peptide (vp1l-14) showed
a strong response, and another peptide (vp1-70) exhib-
ited a weakly positive reaction (Figure 1).

Epitope mapping using individual acute stage serum
samples

Individual serum of acute stage disease was screened
(Table 1). The panel of synthetic peptides that had the
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Figure 1 ELISA results for peptide screening of EV71 structural proteins with pooled acute disease sera. Eight acute EV71 sera were
collected from infected children, and confirmed as EV71 positive by RT-PCR carried out on extracted swab samples. Equal volumes of serum from each
infected child were mixed and then 80-fold diluted with saline before used for screening the panel of structural protein synthetic peptides. An indirect
ELISA assay was used. The x axis in the histogram shows the synthetic peptides for each structural protein and the y axis indicates the S/CO values.
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Table 1 Tabulated ELISA assay results from screening the panel of EV71 specific synthetic peptides

No. Basic information EV71 EV71 VP1- VP2- VP2- VP2- VP2- VP3- VP3- VP3- VP3- VP3-

* Neutralizing IgM 14 6 21 40 50 10 12 15 24 75

antibody titers test

Sex Age illness PCR oD ob OD OD O O O OD OD OD OD

(years) onset dection value value value value value value value value value value value
(days)

S1 male 5 3 EV71 384 0819 1514 0643 1343 0937 1117 149 0506 1.190 0803 0.352
S2  female 4 0 EV71 512 0897 1304 0862 0971 0809 1026 1322 0583 0726 0809 0256
S3 male 3 0 EV71 24 0.801 1293 0894 0973 0665 0937 0941 0483 0812 0698 0.249
S4  male 4 2 EV71 640 1009 0819 0427 0535 0451 0604 0.758 0.160 0426 0327 0133
S5 male 2 3 EV71 24 0.150 0332 0.195 0206 0196 0223 0285 0101 0170 0.133 0.068
S6  male 3 1 EV71 128 0307 0834 0440 0535 0430 0540 0511 0280 0445 0386 0.187
S7  male 5 1 EV71 512 0622 0510 0258 0164 0227 0363 0331 0107 0224 0253 0072
S8  female 15 0 EV71 16 0478 0721 0521 0585 0457 0562 0528 0321 0373 0408 0212
N1 male 29 / / 0032 0058 0057 0048 0047 0048 0054 0041 0054 0038 0.046
N2 male 34 / / 0006 0110 0085 0076 0059 0086 0091 0037 0072 0056 0036
N3 male 30 / / 0006 0180 0.151 0155 0125 0.141 0154 0.107 0099 0.110 0.089
N4 female 50 / / 0016 0095 0053 0044 0041 0061 0065 0017 0053 0033 0076

* 51-8 are the acute stage sera samples from infected children. N1-N4 is EV71 negative control sera./: negative by PCR detection or by microneutralization assay

S/CO greater than 5 in Figure 1 were recognized by
individual acute stage serum. A total of 10 human anti-
EV71 IgM epitopes (vpl-14 of VP1;vp2-6, vp2-21, vp2-
40 and, vp2-50 of VP2;vp3-10, vp3-12, vp3-15, vp3-24,
vp3-75 of VP3) were revealed.

Mapping human anti EV71 IgG epitopes in convalescent
sera

The convalescent serum samples from eight infected
individuals were pooled and detected by an indirect
ELISA assay to map IgG epitopes. The results showed a
single strongly positive (vpl-15) and two weakly positive
(vpl-12 and vpl-14) IgG epitopes in VP1 peptide. By
contrast, only scattered weakly positive results were
detected when screening the synthetic peptides of VP2
and VP3 (Figure 2).

Identification of rabbit anti EV71 IgG epitopes

The panels of synthetic peptides were also screened
using a rabbit immunized convalescent sera inactivated
by EV71 BJ08 strain. Pre-immunization serum was used
as a negative control. The results showed that peptides
vpl-14, vpl-31, vpl-54 and vpl-71 in VP1 protein
reacted strongly with the sera, while only weakly positive
reactions were detected for peptides in VP2 and VP3
(Figure 3).

Discussion

The structural protein VP1 has usually been considered
as an indicator of eliciting a protective immune response
after EV71 infection. Consequently, most previous

studies aimed at identifying linear humoral epitopes
for EV71 were focused on this viral protein. Using 95
overlapping synthetic peptides spanning VP1, Foo, et
al. found that two peptides, SP55 (amino acids 162-
177: PESRESLAWQTATNPC) and SP70 (amino acids
208-222: YPTFGEHKQEKDLEYC) were able to induce
neutralizing antibodies against EV71 using an in vitro
microneutralization assay and a neonate mouse chal-
lenge assay [11]. A monoclonal antibody (clone 22A12)
elicited by SP55 and SP70 immunization was found
possessing strong neutralizing activity against EV71
using in vitro neutralization assay [18]. Miao, et al.
developed an EV71/Cox Al6-bispecific MAb using
VP1 of EV71, which successfully improved a high-qual-
ity EV identification kit, and could be used as a diag-
nostic tool for identifying a wide range of EVs isolated
from infected patients [19]. VP2 and VP3 were under
certain immune pressure since they are also exposed
outside of the EV71 viral capsid. It is necessary to
explore epitopes on VP2 and VP3. Liu, et al. screened
a panel of 153 overlapping synthetic peptides covering
the entire sequences of VP1, VP2 and VP3 of EV71.
VP2-28 and VP1-43 were recognized by neutralizing
antisera (IgG) generated from rabbit and murine,
respectively [20].

Over the past decade, EV71 outbreak has frequently
occurred in the Asia-Pacific [2-8]. It is the urgent to
understand human IgM and IgG epitopes in order to
provide the basis for the development of vaccines and
diagnostic reagents. In the current study, the strongest
reaction to VP1 peptide vpl-15 was obtained in
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Figure 2 ELISA results for peptide screening of EV71 structural proteins with pooled convalescent sera. Convalescent sera were collected
from eight children confirmed as EV71 infection by RT-PCR. Equal volumes of serum from each infected child were mixed and then 80-fold
diluted with saline before used for screening the panel of structural protein synthetic peptides. An indirect ELISA assay was used. The x axis in
the histogram shows the synthetic peptides for each structural protein and the y axis indicates the S/CO values.

convalescent sera from infected children. The immu-
nized rabbit sera showing positive epitopes reaction
were also primarily located on VP1 protein. The peptide
vpl-14 had the strongest reaction, followed by gradually
decreased reactive peptides vpl-31, vpl-54 and vpl-71.
The positive reaction in various degrees for immunized
rabbit sera and convalescent human sera may reflect dif-
ferent levels of virus infection and inactivated virus
immunization. Overall, these results were consistent
with the previous reports [11,13,20-22].

Detecting an IgM response is important for early
diagnosis of infectious diseases [16,19,23]. However, no
IgM epitopes have been identified for EV71 infection
to date. Although VP1 contains the major identified
epitopes, VP2 and VP3 located on the outside of the
viral particle may also be associated with a protective

immune response occurred upon or after infection.
Consistent with this assumption, the current study
identified several clearly reactive epitopes in VP2 and
VP3 although their reactions were not so strong. Ten
human EV71 IgM epitopes were identified for the first
time, and all identified peptides were positively reacted
to 8 tested sera, which indicated that EV71 infection
may consistently induce multi-epitope anti EV71 IgM
response.

Comparison the distribution of immune-reactive IgM
and IgG epitopes, our data showed that IgM epitopes
were mainly located in VP2 and VP3 capsid proteins,
while only one peptide (vpl-14) was located in VP1 eli-
citing a strong IgM reaction. Another peptide (vp1-15)
located in VP1 protein evoked a strong IgG response
(Table 2).
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Figure 3 ELISA results for peptide screening of EV71 structural
proteins with rabbit convalescent sera. Convalescent serum was
collected from a rabbit immunized with EV71 virus particles. The
serum was 80-fold diluted with saline before used for screening the
panel of structural protein synthetic peptides. An indirect ELISA
assay was used. The X axis in the histogram shows the synthetic
peptides for each structural protein and the y axis indicates the S/
CO values.

Table 2 Imnmunodominant linear epitopes identified by
EV71 antisera

anti-EV71 epitopes Residues Peptide sequences

human anti-EV71 IgM epitopes

vpl-14 40-51aa DTGKVPALQAAE
vp2-6 16-27aa LTIGNSTITTQE
vp2-21 61-72aa NRFYTLDTKLWE
vp2-40 118-129aa HQGALLVAVLPE
vp2-50 148-159%aa YKQTQPGADGFE
vp3-10 28-3%aa FHPTPCIHIPGE
vp3-12 34-45aa IHIPGEVRNLLE
vp3-15 43-54aa LLELCQVETILE
vp3-24 70-81aa RFPVSAQAGKGE
vp3-75 223-234aa NFTMKLCKDASD
human anti-EV71 1gG epitopes
vp1-15 43-54aa KVPALQAAEIGA
rabbit anti-EV71 IgG epitopes
vpl-14 40-51aa DTGKVPALQAAE
vp1-31 91-102aa GEIDLPLEGTTN
vp1-54 160-171aa APKPDSRESPAW
vp1-71 211-222aa FGEHKQEKDLEY
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In conclusion, our data, for the first time, mapped
human anti EV71 IgM and IgG epitopes to the VP1,
VP2 and VP3 capsid proteins. These results are valuable
for the evaluation of EV71 vaccine immunogenicity and
the development of early diagnostic reagents.

Abbreviations

EV71: Enterovirus 71; ELISA: Enzyme-linked immunosorbent assay; IgM:
Immunoglobulin M; IgG: Immunoglobulin G; HFMD: Hand foot and mouth
disease; RNA: Ribonucleic acid; SPF: Specific pathogen Free; PCR: Polymerase
chain reaction; CA16: Coxsackievirus A16; CDC: Centers for disease control;
PBST: Phosphate buffered saline containing 0.05% Tween-20; HRP:
Horseradish peroxidase; TMB: 3,3'5,5-Tetramethylbenzidine; OD: Optical
densities; S/CO: Sample optical densities value/Cutoff value; USA: United
States of America.

Acknowledgements

The authors wish to thank the assistance from Jiangsu Provincial Center for
Disease Prevention and Control for sample collection and follow-up visits.
This work was supported by National Science Project (No. 2008BAI69B01)
and National 11th Five Major Special Projects (No. 2009Z2X10004-804)
Funding Program.

Author details

"National Institutes for Food and Drug Control, Beijing 100050, China.
ShenYang Pharmaceutical University, Shenyang 110016, China. *Beijing
YouAn Hospital, Capital Medical University, Beijing 100069, China. *Jiangsu
Provincial Center for Disease Prevention and Control, Nanjing 210009, China.
°Peking University Health Science Center, Beijing 100191, China.

Authors’ contributions

GF and WYP carried out the laboratory experiments, analyzed the data,
interpreted the results and drafted the manuscript. YX and MQY performed
molecular genetic studies and sequence alignment. ZFC contributed to
specimen collection and clinical diagnosis. LZL and GF participated in the
design of the study and performed the statistical analysis. WJZ, LFX, LZL,
ZFC, LFM, YJY, LS conceived of the study, and participated in its design and
coordination and helped to draft the manuscript. All authors read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 8 October 2011 Accepted: 20 January 2012
Published: 20 January 2012

References

1. Lin TY, Chang LY, Hsia SH, Huang YC, Chiu CH, Hsueh C, Shih SR, Liu CC,
Wu MH: The 1998 enterovirus 71 outbreak in Taiwan: pathogenesis and
management. Clin Infect Dis 2002, 34(2):52-57.

2. Sanders SA, Herrero LJ, McPHie K, Chow SS, Craig ME, Dwyer DE,
Rawlinson W, McMinn PC: Molecular epidemiology of enterovirus 71 over
2 decades in an Australian urban community. Arch Virol 2006,
151(5):1003-1013.

3. Sato C, Syoji M, Ueki Y, Sato Y, Okimura Y, Saito N, Kikuchi N, Yagi T,
Numakura H: Isolation of enterovirus 71 from patients with hand, foot
and mouth disease in a local epidemic on March 2006, in Miyagi
prefecture, Japan. Jpn J Infect Dis 2006, 59(5):348.

4. Chang LY: Enterovirus 71 in Taiwan. Pediatr Neonatol 2008, 49(4):103-112.

5. Tee KK, Takebe Y, Kamarulzaman A: Emerging and re-emerging viruses in
Malaysia, 1997-2007. Int J Infect Dis 2009, 13(3):307-318.

6. Yang F, Ren L, Xiong Z Li J, Xiao Y, Zhao R, He Y, Bu G, Zhou S, Wang J,
Qi J: Enterovirus 71 outbreak in the People’s Republic of China in 2008.
Clin Microbiol 2009, 47(7):2351-2352.

7. Mao LX, Wu B, Bao WX, Han FA, Xu L, Ge QJ, Yang J, Yuan ZH, Miao CH,
Huang XX, Zhang C, Xu H: Epidemiology of hand, foot, and mouth


http://www.ncbi.nlm.nih.gov/pubmed/16369861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16369861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17060708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17060708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17060708?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054914?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19010076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19010076?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20719557?dopt=Abstract

Gao et al. Virology Journal 2012, 9:26
http://www.virologyj.com/content/9/1/26

disease and genotype characterization of enterovirus 71 in Jiangsu,
China. J Clin Virol 2010, 49(2):100-104.

8. Zhang Y, Tan XJ, Wang HY, Yan DM, Zhu SL, Wang DY, Ji F, Wang XJ,

Gao YJ, Chen L, An HQ, Li DX, Wang SW, Xu AQ, Wang ZJ, Xu WB: An
outbreak of hand, foot, and mouth disease associated with
subgenotype C4 of human enterovirus 71 in Shandong, China. J Clin
Virol 2009, 44(4):262-267.

9. Palacios G, Oberste MS: Enteroviruses as agents of emerging infectious
diseases. J Neurovirol 2005, 11(5):424-433.

10.  Jin Q: Medical Molecular Virology Beijing: Science Press; 2001, 606-613.

11. Foo DG, Alonso S, Chow VT, Poh CL: Passive protection against lethal
enterovirus 71 infection in newborn mice by neutralizing antibodies
elicited by a synthetic peptide. Microbes Infect 2007, 9(11):1299-1306.

12. Tan CS, Cardosa MJ: High-titred neutralizing antibodies to human
enterovirus 71 preferentially bind to the N-terminal portion of the
capsid protein VP1. Arch Virol 2007, 152(6):1069-1073.

13. Foo DG, Alonso S, PHoon MC, Chow VT, Ramachandran NP, Poh CL:
Identification of neutralizing linear epitopes from the VP1 capsid protein
of Enterovirus 71 using synthetic peptides. Virus Res 2007, 125(1):61-68.

14. Wu CN, Lin YC, Fann C, Liao NS, Shih SR, Ho MS: Protection against lethal
enterovirus 71 infection in newborn mice by passive immunization with
subunit VP1 vaccines and inactivated virus. Vaccine 2001, 20(5-6):895-904.

15. Yao X, Mao QY, Huang WJ, He P, Zhou C, Zhang W, Liang ZL, Li FX,

Wang JZ: Genetic characteristic of enterovirus 71 complete genome
isolated in Beijing, 2008. Zhonghua Liu Xing Bing Xue Za Zhi 2009,
30(7):729-732.

16. Xu F, Yan Q, Wang H, Niu J, Li L, Zhu FC, He SZ, Zhang SY, Weng ZX,
Cheng T, Cai YJ, He DL, Chen YX, Ge SX, Yeo AET, Zhang J, Ng MH, Xia NS:
Performance of detecting IgM antibodies against enterovirus 71 for
early diagnosis. PLoS One 2010, 5(6):e11388.

17. Liang ZL, Mao QY, Gao Q, Li XL, Dong CH, Yu X, Yao X, Li FX, Yin WD,

Li QH, Shen XL, Wang JZ: Establishing China’s national standards of
antigen content and neutralizing antibody responses for evaluation of
enterovirus 71 (EV71) vaccines. Vaccine 2011, 29(52):9668-9674.

18. Li X, Mao C, Ma S, Wang X, Sun Z, Yi Y, Guo M, Shen X, Sun L, Bi S:
Generation of neutralizing monoclonal antibodies against Enterovirus 71
using synthetic peptides. Biochem Biophys Res Commun 2009,
390(4):1126-1128.

19. Miao LY, Pierce C, Gray-Johnson J, Delotell J, Shaw C, Chapman N, Yeh E,
Schnurr D, Huang YT: Monoclonal antibodies to VP1 recognize a broad
range of enteroviruses. J Clin Microbiol 2009, 47(10):3108-3113.

20. Liu CC, Chou AH, Lien SP, Lin HY, Liu SJ, Chang JY, Guo MS, Chow YH,
Yang WS, Chang KHW, Sia C, Chong P: Identification and characterization
of a cross-neutralization epitope of Enterovirus 71. Vaccine 2011,
29:4362-4372.

21. Foo DG, Ang RX, Alonso S, Chow VT, Quak SH, Poh CL: Identification of
immunodominant VP1 linear epitope of enterovirus71(EV71) using
synthetic peptides for detecting human anti-EV71 IgG antibodies in
western blots. Clin Microbiol Infect 2008, 14(3):286-288.

22. Cello J, Samuelson A, Stalhandske P, Svennerholm B, Jeansson S,

Forsgren M: Identification of group-common linear epitopes in structural
and nonstructural proteins of enteroviruses by using synthetic peptides.
J Clin Microbiol 1993, 31(4):911-916.

23. Wang SY, Lin TL, Chen HY, Lin TS: Early and rapid detection of enterovirus

71 infection by an IgM-capture ELISA. J Virol Methods 2004, 119(1):37-43.

doi:10.1186/1743-422X-9-26
Cite this article as: Gao et al.. Enterovirus 71 viral capsid protein linear
epitopes: Identification and characterization. Virology Journal 2012 9:26.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/20719557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20719557?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19269888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19269888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19269888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16287683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16287683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17890123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17890123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17890123?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17318736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17318736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17318736?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17222936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17222936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11738755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11738755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11738755?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19957602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19957602?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20613983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20613983?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22015395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22015395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22015395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19799860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19799860?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19710278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19710278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21501643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21501643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18076666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18076666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18076666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18076666?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7681848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7681848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15109819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15109819?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Virus antigen and antigen peptides synthesis
	Human sera specimens
	Viral RNA extraction and PCR amplification 16
	Preparation of rabbit anti EV71 serum
	Indirect ELISA assay for detecting anti EV71 IgM and IgG

	Results
	Epitopes stimulating an IgM response in pooled acute sera
	Epitope mapping using individual acute stage serum samples
	Mapping human anti EV71 IgG epitopes in convalescent sera
	Identification of rabbit anti EV71 IgG epitopes

	Discussion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


