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Abstract

Background: EV71 occasionally cause a series of severe neurological symptoms, including aseptic meningitis,
encephalitis, and poliomyelitis-like paralysis. However, the neurological destruction mechanism was remained to be
clarified. This study described the cross reaction between EV71 induced IgG and human brain tissue.

Results: Cross reaction of the IgG from 30 EV71 infected patients’ sera to human tissues of cerebra was observed,
which suggested that some EV71 antigens could induce IgG cross-reactivity to human cerebra. To identify the
regions of EV71 virus that containing above antigens, the polypeptide of virus was divided into 19 peptides by
expression in prokaryotes cell. Mouse anti-sera of these peptides was prepared and applied in
immunohistochemical staining with human adult and fetus brain tissue, respectively. The result indicated the 19
peptides can be classified into three groups: strong cross-reactivity, weak cross-reactivity and no cross-reactivity
with human brain tissue according the cross reaction activity. Then, the increased Blood Brain Barrier (BBB)
permeability and permits IgG entry in neonatal mice after EV71 infection was determined.

Conclusion: EV71 induced IgG could enter BBB and cross-reacted with brain tissue in EV71 infected neonatal mice,
and then the peptides of EV71 that could induce cross-reactivity with brain tissue were identified, which should be
avoided in future vaccine designing.

Background
Human enterovirus (EV71) was first described by Schim-
dit et al. in 1974 [1], which belonging to Picornaviridea
family and has a single positive stranded ribonucleic acid
(RNA) of about 7,500 nucleotides [2,3]. There have 13
large and small reported outbreaks of EV71 throughout
the world since then, which main leads to high preva-
lence of hand, foot and mouth disease (HFMD) in infants
and children under 6 years old [4-6]. In past decades,
countries in the Asia-Pacific region have experienced an
increased occurrence of EV71 associated HMFD out-
break [7-11]. Most of EV71 infection are benign and self-
limited in nature, however, EV71 infection has been

reported to cause neurological disease manifesting as
aseptic meningitis, encephalitis or poliomyelitis-like
acute flaccid paralysis, and neurological originated pul-
monary edema or hemorrhage was the main reason of
lethal symptom [4,12]. The central nervous system (CNS)
injury dependent EV71 neuropathology is supposed as
the main reason kills neuron and then lead to subsequent
neurological destruction [4,13-18]. Although a certain
numbers of research work have been carried out, as no
abundant virus titer was detected in the CNS during
EV71 challenge in mice model, meanwhile, the attenu-
ated EV71 strain can still induce weak neurological
symptoms in monkey, the detailed mechanism of CNS
dysfunction is remained to be clarified [15,19].
EV71 virus infection was reported to increase the per-

meability of BBB [20,21]. However, as enter of virus into
cranial was dependent on a retrograde axonal neuronal
transmission way, the increased permeability in BBB was
presumed not essential for virus through BBB. As

* Correspondence: Qinchuan@pumc.edu.cn
1Key Laboratory of Human Diseases Comparative Medicine, Ministry of
Health, Institute of Laboratory Animal Science, Chinese Academy of Medical
Sciences (CAMS) & Comparative Medicine Centre, Peking Union Medical
Collage (PUMC), Chao Yang Strict, Pan Jia Yuan Nan Li No.5, Beijing 100021,
PR China

Jia et al. Virology Journal 2010, 7:47
http://www.virologyj.com/content/7/1/47

© 2010 Jia et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.

mailto:Qinchuan@pumc.edu.cn
http://creativecommons.org/licenses/by/2.0


described in Epilepsy, self immunity caused by the com-
mon antigens between virus and cell receptors lead to
neuron injury, in which the central nervous system
(CNS) is attacked by the immune system and that pro-
vide a inspiration for the possible new way during the
pathology of EV71 infection study [22].
In current study, the sera isolated from EV71 infected

patients were indicated to cross reaction with the
human tissues of cerebrum by immunohistochemical
staining and then the regions can elicit cross-reactivity
with normal brain tissues were identified.

Results
Cross reaction of the IgG from EV71 infected patients’
sera to human tissues of cerebra
A large outbreak of HFMD in infants and children was
happened in Fuyang region of China in the spring of
2008 [23,24]. Thirty sera from children with HFMD was
collected, who was infected with EV71 after RT-PCR
diagnosis the specimen of throat swab, and the presence
of EV71 induced antibody (both IgM and IgG) in all the
thirty sera was verified by ELISA (data not show). As
neurological pulmonary edema or hemorrhage was the
main reason of lethal symptom [25,26], and our inacti-
vated virus vaccine showed neurological virulence while
applied in primates test (date not show), the 30 sera from
EV71 infected patients were used as primary anti-sera to
perform the immunohistochemical staining with adult
human tissues of cerebra (Fig. 1). The normal sera from
five donors (four children and one adult) were used as
negative control, in which the anti- EV71 IgG and IgM
was free with ELISA analysis. The human tissues of cere-
bra was not stained obviously with negative control sera
(Fig. 1B-F), while the human tissues of cerebra was
stained on the neuron glial cell, neuron and stroma by
the patients sera (Fig. 1G-L). The positive staining was
observed in all of the 30 sera from EV71 infected patients
and 86% of the 30 sera showed cross reaction with 10-
40% stained cells (Table 1). To exclude the interference
of remained ingredients in sera, the IgG fraction in three
sera samples were purified and used as primary antibo-
dies in immunohistochemical staining with human brain
tissues, and the results were consistent to sera’s experi-
ment in neuron glial cell and neuron, but not in stroma
(Fig. 1M-O). These results indicated the presence of spe-
cific IgG in the EV71 infected patient sera having the
cross-reactivity activity to human cerebra and suggested
that some EV71 antigens could induce cross-reactivity to
human cerebra. The expression and purification of the
peptides disassembled from EV71To identify the regions
of EV71 virus that can induce antibodies binding with
human brain tissue, the genome of EV71 was divided
into 22 regions in sequence, which encode peptides
between 22~156 amino acids (Fig. 2A), and the nearby

fragments in a functional gene have 12 to 39 bp overlap
to avoid the miss of epitope. EV71 of Fuyang-0805 strain
isolated from Anhui province of China was used as the
templates for primers designing and RT-PCR (see Addi-
tional file 1). Targeted cDNA fragments were cloned into
pETIS vector modified from pET28a (+) (Fig. 2B), and
then the fusion peptides with six histidine residues tag
were over-expressed. Nineteen of the 22 targeted cDNA
fragments were synthesized in insoluble inclusion body
forms by E. coli, but three of them, P1013-1111, P1112-1201
and P1527-1548, were failed to expression in this bacteria
strain. After Ni-HTA purification, all of the 19 peptides
were purified to a purity of 95% (see Additional file 2).

Identification of EV71 fragments inducing cross-reactivity
to human brain tissue
The 19 purified peptides were applied to immunize the 6
weeks female ICR mice according polyclonal antibody pre-
paration procedure described in the Method. The sera of
immunized mice were collected, and the titers of IgG
against EV71 in the sera were determined by ELISA
respectively (Table 2). No lesions in any of the brain tis-
sues of immunized mice were observed (data not show),
then, the 19 sera were applied in immunohistochemical
staining to identify which sera have cross reaction with
human adult and fetus brain tissues, respectively (Fig. 3).
The anti-sera of P230-323, P646-755, P857-1012 and P1329-1440
showed strong staining with neuron plasma in both adult
human cerebra and fetus medulla compared with the
negative control (Fig. 3A-D). The anti-sera of P1-69,
P324-443, P444-565, P566-665, P746-876, P1441-1526, P1549-1668,
P1732-1851, P1952-2071and P2072-2193 showed weaker staining
with the human brain tissues than the anti-sera of P230-323,
P646-755, P857-1012 and P1329-1440 (Fig. 3E and 3F). The anti-
sera of P70-159, P140-249, P1197-1338, P1649-1731, P1843-1951 did
not show staining with both the adult human cerebra and
fetus medulla sections (Fig. 3G and 3H). This result indi-
cated that the peptides of P230-323, P646-755, P857-1012 and
P1329-1440 could induce strong IgG cross-reactivity to
human brain tissue. The significant of cross reactivity was
not relevant to the specific IgG titer induced by individual
peptides (Table 2), which indicated the cross reactivity was
a specific IgG behavior rather than an antibody dose
dependent artifact.

EV71 infection increased BBB permeability and IgG
transport
An EV71 mice infection model was build in our labora-
tory (unpublished data), neonatal mice were intraperito-
neal infected with 5 × 105 TCID50 virus within 24 h
after birth, the virus replication was detected in brain,
lung, small intestine and skeletal muscle at 5 dpi by
Real-time PCR and virus titer determination in RD cell,
respectively. Then, the virus locations in these tissues
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Figure 1 Cross reaction of the IgG from EV71 infected patients’ sera with human tissues of cerebra. The serum was replaced by PBS
buffer as blank control (a), and naive sera from five health donors were used as negative control (b-f). The sera of CNILASTB-16 (g), CNILASTB-19
(h), CNILASTB-1 (i), CNILASTB-2 (j), CNILASTB-4 (k) and CNILASTB-9 (l) were used as primary antibodies in immunohistochemical staining with the
cerebra of adult. The IgG fraction in the sera of NORMAL-1 (m), CNILASTB-12 (n) and CNILASTB-4 (o) were used as primary antibodies in
immunohistochemical staining with the cerebra of adult to exclude the interference of the remained ingredients in sera. The stained glial cell,
stroma and neuron were denoted with black, green and red arrows respectively (×200).
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were verified by immunohistochemical staining with a
monoclonal antibody of EV71 (Millipore). Large area of
neuron apoptosis was observed in cerebrum and
medulla of brain tissue. In small intestine, intestinal vil-
lus interstitial edema and epithelial cell vacuolar degen-
eration were observed. In skeletal muscle, inflammation,
muscle fiber degeneration and necrosis were scarcely

observed. However, although virus replication and virus
antigens were detected in lung, no obvious lesion was
observed in this organ. As no lesions in all the brain tis-
sues of immunized adult mice were observed, we stu-
died the BBB permeability of neonatal mice upon EV71
infection. Naive or EV71 induced IgG was intravenous
injected into the neonatal mice upon EV71 infection or

Table 1 Evaluation the immunohistochemical staining results of patients’ sera to adult human cerebra

Sera no/human
sex/age

Clinical features/Diagnosis Day of sera
collection after

onset

Evaluation
score

NORMAL-1/F/1.5 NO - -

NORMAL-2/M/3.5 NO - -

NORMAL-3/F//4 NO - -

NORMAL-4/M/2.6 NO - -

NORMAL-5/F/23 NO - -

CNILASTB-1/M/1.5 Fever, HMFD/Brain stem encephalitis 1 + + +

CNILASTB-2/F/2.8 Fever, irritability, myoclonus, HFMS/Brain stem encephalitis 1 + +

CNILASTB-3/M/3.6 Fever, myoclonus, HMFD/Brain stem encephalitis 1 + + +

CNILASTB-4/F/4.5 Fever, irritability, HMFD/Brain stem encephalitis 3 + + + +

CNILASTB-5/M/2.5 HMFD/- 0 + +

CNILASTB-6/M/1.8 HMFD/- 0 + +

CNILASTB-7/M/1.5 Fever, vomiting, irritability, HMFD/Brain stem encephalitis 0 + + +

CNILASTB-8/F/2.4 HMFD/- 0 + +

CNILASTB-9/F/2.5 Fever, vomiting, motor weakness/Aseptic meningitis 3 + + + +

CNILASTB-10/M/1.5 Fever, vomiting, HMFD/Brain stem encephalitis 1 + + +

CNILASTB-11/M/2.2 Fever, irritability, myoclonus, HMFD/Brain stem encephalitis 2 + + +

CNILASTB-12/M/1.6 HMFD/- 0 +

CNILASTB-13/M/1.2 HMFD/- 0 + +

CNILASTB-14/M/1.8 Fever, irritability,/Brain stem encephalitis 0 + +

CNILASTB-15/F/2.6 Fever, lethargy, ataxia, HFMS/Brain stem
encephalitis, neurogenic shock, pulmonary edema

0 + + + +

CNILASTB-16/M/4.6 HFMD/- 0 +

CNILASTB-17/M/5.4 HFMD/- 1 + +

CNILASTB-18/F/3.2 Fever, vomiting, lethargy, motor weakness/Aseptic meningitis 1 + + +

CNILASTB-19/F/5.2 HFMD/- 2 +

CNILASTB-20/F/5 Fever, vomiting, lethargy, nystagmus, shock/Brain stem encephalitis, pulmonary edema 1 + + +

CNILASTB-21/M/3.6 Fever, vomiting, headache/Aseptic meningitis 2 + + + +

CNILASTB-22/F/3.2 HFMD/- 0 +

CNILASTB-23/F/2.4 Irritability, lethargy, apathy, myoclonus, HFMS/Aseptic meningitis 2 + + +

CNILASTB-24/M/1.7 Fever, vomiting, lethargy, nystagmus, myoclonus, shock/Brain stem encephalitis,
neurogenic shock, pulmonary edema

2 + + +

CNILASTB-25/M/3.4 HFMD/- 1 + +

CNILASTB-26/F/4.6 HFMD/- 1 + +

CNILASTB-27/F/2.8 Fever, vomiting, headache, irritability, HMFD/Aseptic meningitis 1 + +

CNILASTB-28/M/3 Fever, lethargy, myoclonus, shock/Aseptic meningitis 2 + + +

CNILASTB-29/F/2 HFMD/- 2 + +

CNILASTB-30/M/3.2 Fever, vomiting, headache, myoclonus, HFMS/Brain stem
encephalitis

1 + + + +

- No obvious staining was observed;

+ 0~10% cell was stained;

+ + 11%~20% cell was stained;

+ + + 21%~30% cell was stained;

+ + + + 31%~40% cell was stained.
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not, respectively. And the detection results were shown
in Fig. 4, both weak staining sites were observed in
EV71 infected mice brain tissues after naive or EV71
induced IgG injection (Fig. 4B and 4D), while the stain-
ing was scarcely observed in normal mice brain tissue
after IgG injection (Fig. 4A and 4C). And the intracra-
nial IgG showed a weak diffused distribution in the
brain tissue of EV71 infected mice, which indicated that
compared to normal neonatal mice, the BBB permeabil-
ity of EV71 infected mice was increased and permits
both the naïve IgG and EV71 induced IgG entry.

Discussion
The HFMD occasionally causes a series of severe neuro-
logical symptoms, including aseptic meningitis, encepha-
litis, poliomyelitis-like paralysis and neurological
originated pulmonary edema or hemorrhage [25,27-29],
especially the latter was the main reason of lethal symp-
tom in infants and children [4,12]. Previous study sug-
gested the neuropathological symptom was caused by
the EV71 infection in CNS [30-34]. However, Chen CS

et al. reported that although the infection led to a per-
sistent viremia and a transient increase in BBB perme-
ability, but only low levels of virus could be detected in
the mice brain [15], and Arita M et al. reported that the
monkeys vaccinated with an attenuated EV71 showed
the broad range of CNS tissues inflammation related to
the peak stages of IgM and IgG producing, but without
the efficient virus replication [19]. Those results sug-
gested that the pathogenesis of neurological symptoms
with HFMD may have more mechanisms.
We find that all of the tested EV71 infected patients’

sera were presence of IgG to cross-react with health
human brain tissues (Fig. 1), which suggested that a
potential cross-reactivity of EV71 with human brain tis-
sues. To identify the fragments of EV71 that induce
cross-reactivity to human brain tissue, the whole gen-
ome of virus was divided into 22 fragments sequentially.
The 19 of 22 fragments were successfully expressed and
purified, however, 3 fragments was failed to expressed in
prokaryote environment and those were given up. For
cross-reactivity assay, the polyclonal mouse anti-sera

Figure 2 Diagrams of divided 22 peptides from EV71 and expression construction. The position and length of 22 peptides divided from
EV71 (a) and expression constructs for 22 peptides (b) were diagramed.
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against the 19 peptides were prepared and applied in the
immunohistochemical analysis with the adult human
cerebra and fetus medulla. The results indicated the 19
peptides can be divided into three groups according the
cross reaction activity. There were 4 peptides showed
strong cross-reactivity with human brain tissues. There
were 10 peptides showed weak cross-reactivity with
human brain tissues and there were 5 peptides showed
no cross-reactivity with human brain tissues. Sera of
patients and the strong cross-reactivity peptides showed
a similar pattern on the staining of neuron of the
human brain tissues (Fig. 1 and 3). These suggested the
strong cross-reactivity peptides were potential common
antigens of the EV71 with human brain tissue, however,
the brain binding partner of EV71 induced IgG was not
identified in this work. The peptides that elicit antibo-
dies can bind to human brain tissue was dispersed in
whole proteome of EV71, rather than gathered in one or
several structural proteins. So, the potentially self-reac-
tion antibodies would be induced over the whole pro-
cess of virus infection including virus invasion,
propagation and releasing. In previous study, both atte-
nuated and avirulent virus or virus like particles were
able to induce significant neutralization antibody, relax
the clinical symptoms and reduce mortality rate of
laboratory animals upon lethal virus challenge[19,35,36].

As indicated in cynomolgus monkeys, although an atte-
nuated EV71 strain showed obvious protection activity
in vivo, the inoculated monkeys still manifested weak
neurological symptom[19]. VP1, located in the surface
of virus particles, was thought as the predominant epi-
tope clustering protein, has been broadly used as subu-
nit vaccine to substitute whole virus and elicit
significant protection on neonatal animals [37-42].

Table 2 ELISA determines the titers of sera from
immunized mice to peptides and virus

OD450 Value

Peptide name Peptidesa Virusb

P1-69 1.231 ± 0.114 0.231 ± 0.034

P70-159 1.781 ± 0.221 0.446 ± 0.041

P140-249 1.940 ± 0.234 0.557 ± 0.071

P230-323 1.126 ± 0.167 0.359 ± 0.053

P324-443 1.125 ± 0.138 0.678 ± 0.072

P444-565 1.864 ± 0.245 1.246 ± 0.116

P566-665 2.142 ± 0.175 1.648 ± 0.157

P646-755 0.948 ± 0.056 0.467 ± 0.067

P746-876 1.084 ± 0.097 0.647 ± 0.064

P857-1012 1.562 ± 0.149 0.169 ± 0.022

P1197-1338 2.214 ± 0.195 0.328 ± 0.016

P1329-1440 1.194 ± 0.134 0.294 ± 0.008

P1441-1526 1.162 ± 0.158 0.175 ± 0.006

P1549-1668 0.955 ± 0.037 0.186 ± 0.011

P1649-1731 1.556 ± 0.115 0.268 ± 0.018

P1732-1851 1.678 ± 0.160 0.327 ± 0.020

P1843-1951 1.966 ± 0.138 0.267 ± 0.013

P1952-2071 1.763 ± 0.129 0.291 ± 0.026

P2072-2193 1.567 ± 0.146 0.488 ± 0.038
a the sera were used to determine the titer to its self peptide in a dilution
1:50,000.
b the sera were used to determine the titer to virus in a dilution 1:1,000.
Values represent means ± SD of three independent experiments.

Figure 3 Identification of EV71 fragments inducing cross
immunity to human brain tissue by immunohistochemical
staining. Left panel was adult human cerebra and the right panel
was human fetus medulla. The naive mice sera was used as
negative control (a & b). The serum of immunized mice with
peptide of P646-755 was one of the four strong cross immunity
peptides(c & d). P2072-2193 was one of the ten weak cross immunity
peptides (e & f). P140-249 was one of the five no cross immunity
peptides (g & h). The serum of immunized mice with heat
inactivated virus was used as positive control (i & j). The staining
sites were denoted with arrows (×200).
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However, the IgG induced by P646-755, which belongs to
VP1, elicited strong cross-reactivity to human brain tis-
sue, so the neurological safety of whole virus or VP1
protein as vaccine should be concerned before clinical
application. Many disease and virus infection, especially
the neurological disease can increase the BBB perme-
ability, e.g. stroke, human immunodeficiency virus, Alz-
heimer’s disease, brain cancer, and bacterial infections
of the CNS [20,21,43], likewise, the increased BBB per-
meability after EV71 infection was verified in a mice
model [15]. Our result also indicated the increase of
BBB permeability after EV71 infection in infant mice
and further more, the increase of BBB permeability after
EV71 infection could result in the entrance and localiza-
tion of the IgG into brain tissues. Autoimmune disease
was reported in many previous studies, such as celiac
disease, sclerosis, encephalitis, Diabetes mellitus [44-48].
As the BBB in infant can be destructed upon EV71
infection[15] and the EV71 can induce cross-reactivity
IgG, therefore, whether the intracranial entry of EV71
elicited IgG is one of the mechanisms of neurological

pathogeneses in HFMD patients was remained to be
clarified in further study. However, the cross reaction
fragments of the viruses should be concerned in future
vaccine designing.

Conclusion
In conclusion, this study initially showed the cross-reac-
tivity between EV71 induced IgG and human brain tis-
sue, and the peptides of EV71 that can bring IgG based
cross reaction was identified. We observed the increase
of BBB permeability in neonatal mice under EV71 infec-
tion and the entry of brain cross reactivity IgG, which
was supposed play a role in subsequent clinical
symptoms.

Material and methods
Cell and virus
RD cells (human rhabdomyosarcoma) were maintained
in Dulbecco’s modified Eagle’s medium with 10% fetal
bovine serum [49]. EV71 FuYang stock virus strain
(Fuyang-0805), which belongs to C4, the predominant

Figure 4 Detection the intracranial IgG in mice after intravenous injection. The normal neonatal mice injected with naive IgG. (a), EV71
infected neonatal mice injected with mice naïve IgG. (b), normal neonatal mice injected with EV71 induced IgG. (c) and EV71 infected neonatal
mice injected with EV71 induced IgG.(d) were compared by the immunohistochemical test. The staining sites were denoted with arrows (× 200).
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genotype in recent outbreaks in Asia (GenBank acces-
sion number EU703812) was grown in RD cells as
described by He YQ et al. and Lin JY et al [50,51].
The infected cell culture was disrupted by three

freeze-thaw cycles, then the cell debris was removed by
centrifuged at 3,000 g for 20 min, the virus was col-
lected by centrifuged at 80,000 × g for 3 h, and then
was ected was pur normal neuron resuspended in phos-
phate buffered saline (PBS) [36] to prepare the working
stocks containing 108 TCID50/ml [13].

Clone of the EV71 DNA fragments and construction of
the expression constructs
The EV71 genomic RNA was extracted from the culture
fluid of infected cells using a High-pure viral RNA puri-
fication kit (Qiagen). Reverse transcription-PCR (RT-
PCR) was performed using a ReverTra-Plus kit (Invitro-
gen) to clone the full length cDNA [19]. The EV71
cDNA was used as template for peptide coding regions
amplification. The primers and associated restriction
enzyme sites were subjected in Additional file 1. The
cloned fragments were inserted into cloning sites of
pETIS vector under the T7 promoter and His tag was
added at the N-terminal of the target peptide to form a
fusion peptide with His tag. The expression plasmids
were verified by sequencing analysis respectively.

Peptide expression and purification
Escherichia. coli BL21 (DE3) was transformed by the
constructed expression plasmids for protein expression.
The DE3 bacteria strain was cultured with Luria-Bertani
(LB) medium with 50 μg/ml kanamycin at 37°C, 200
rpm. After the OD600 of culture up to 0.6, the IPTG
was added to a final concentration of 0.5 mM into the
medium and cultured for 8 h at 25. The bacteria pellet
was harvested by centrifugation at 4, 000 × g for 20
min, and the expression of targeted proteins were
detected by SDS-PAGE.
Protein purification was performed according to the

protocol of Novagen with Ni-HTA resin. Briefly, the
bacteria pellet was resuspended in buffer B (8 M urine,
0.1 M sodium phosphate salt, 0.01 M Tris-HCl, pH =
8.0) and incubated at 37°C for 30 min, the cell debris
was removed by centrifuged at 20,000 × g for 20 min.
Then the supernatant was loaded onto a Ni-HTA resin
column. The column was washed with 10 fold column
volumes of washing buffer C (8 M urine, 0.1M sodium
phosphate salt, 0.01 M Tris-HCl, pH = 6.3). The target
protein was then eluted with buffer D (8 M urine, 0.1 M
sodium phosphate salt, 0.01 M Tris-HCl, pH = 4.5) and
dialyzed against 0.9% NaCl, and then the purity of pep-
tides were detected by SDS-PAGE. The concentration of
protein was measured by Bradford method [52].

Immunity
ICR mice were provided by the Institute of Laboratory
Animal Science, Peking Union Medical College. All the
mice were bred in an AAALAC-accredited facility and
the use of animals was approved by the Animal Care
and Use Committee of the Institute of Laboratory Ani-
mal Science of Peking Union Medical College
(GC09012). The adult mice were used for polyclonal
antibody preparation. The peptides were dissolved as
1.0mg/ml of each peptide in 0.9% NaCl and then formu-
lated with same volume of Freund complete adjuvant
(Sigma) according to the manufacturer’s instructions.
The injected dose of the peptides was 100 μl/mouse
given through intraperitoneal injection (i.p.). The heat
inactivated EV71 were dissolved as 1.0 × 109 TCID50/ml
in 0.9% NaCl and the injected dose of the virus was 100
μl per mouse. One week after the first injection, the ani-
mals were boosted at the same dose of peptides or the
heat inactivated virus formulated with same volume of
Freund incomplete adjuvant (Sigma) through intraperi-
toneal injection(i.p.) and the mice were reboosted
weekly for 2 times.

ELISA
The levels of specific IgG against EV71 or peptides from
the immunized mice or EV71 infected patients were
determined by enzyme-linked immunosorbent assay
(ELISA). Briefly, microtiter plates were coated with 100
μl of heat inactivated virus (1.0 × 108 TCID50) or pep-
tides (10 μg/ml) in carbonate coating buffer (15 mM
Na2CO3, 35 mM NaHCO3, pH 9.6). The plates were
incubated at 4°C overnight and then incubated with 1%
BSA in PBS for 2 h at room temperature to prevent
non-specific binding, serial dilutions of test sera were
added to each well and incubated for 1 h at 37°C, fol-
lowed by horseradish peroxidase (HRP) conjugated goat
anti-mouse IgG (1:5, 000 dilution, Sigma). The reaction
was developed by 100 μl TMB substrate (3, 3’, 5, 5’-etra-
methylbenzidine), and then terminated by 100 μl 2 M
H2SO4. The optical densities at 450 nm were deter-
mined [38].

Immunohistochemical staining
The cerebra and medulla of human brain tissues were
from an adult and a fetus, who were both died in acci-
dents respectively. The usage of human brain tissues
and sera were permitted by Institutional Review Board
(IRB) of FuYang people’s hospital, where these samples
were provided. For immunohistochemical staining, brain
sections were deparaffinized with xylene, rehydrated in
ethanol, and then treated with 0.25% trypsin solution
with 0.5% CaCl2 in PBS for 30 min and incubated in 1%
hydrogen peroxide in methanol to block endogenous
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peroxidase activity followed by incubation with 10%
Block Ace (Sigma) in PBS. The treated sections were
incubated with specific serum (1:200 dilution for
patients’ sera and 1:1000 dilution for mice sera with
0.05% Triton ×-100-PBS) or purified IgG fraction (1 μg/
ml) from sera of EV71 infected patients at 4°C over-
night. The sections were washed three times with PBS
and then incubated with HRP-conjugated goat anti-
human IgG (for patients’ sera, 1:500 dilution, Sigma) or
HRP-conjugated goat anti-mouse IgG (for innunized
mice sera, 1:1000 dilution, Sigma) for 1 h at 37°C. The
sections were developed with 3-3’diaminobenzidine
(DAB) and examined with a light microscope [53].

Intracranial IgG detection
IgG fraction of sera from EV71 infected patients or
immunized mice were purified by Protein A conjugated
agarose affinity adsorption column [54]. The mice serum
was diluted in 5 volumes loading buffer: 20 mM PBS sal-
ine buffer (pH, 7.0) and loaded on a Protein A agarose
affinity adsorption column. Then, after washing by 10
volumes loading buffer, the targeted IgG was eluted by
0.1 M citric acid (pH, 3.0) and dialysis against PBS buffer
overnight at 4°C. 10 μg IgG were intravenous injected
into neonatal mice in 2 days later after EV71 infection,
and the mice were sacrificed with barbital anaesthesia in
1 days later, then the brain tissue sections were prepared
to detect intracranial IgG [20]. IgG presence in brain sec-
tions were detected by immunohistochemical staining
with HRP conjugated goat anti mouse secondary Ab
(1:5,000, sigma) and developed with 3-3’diaminobenzi-
dine (DAB) and examined with a light microscope.

Additional file 1: SDS-PAGE detects the purified peptides of EV71.
The SDS-PAGE result of peptides P1-69 to P2072-2193 was shown. The
expression plasmids free E. coli BL21 (DE3) strain was manipulated as the
protocol of protein expression and purification of peptides and used as
negative control. The purified peptides were detected by 12% SDS-PAGE
and the purified virus was detected by 8% SDS-PAGE.
Click here for file
[ http://www.biomedcentral.com/content/supplementary/1743-422X-7-47-
S1.DOC ]

Additional file 2: Primers used in divided polypeptides encoding
regions amplification.
Click here for file
[ http://www.biomedcentral.com/content/supplementary/1743-422X-7-47-
S2.DOC ]
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