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Genomic and immunologic factors associated with viral
pathogenesis in a lethal EV71 infected
neonatal mouse model
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Abstract. Hand, foot and mouth disease (HFMD) caused by
enterovirus 71 (EV71) has emerged as a major health problem
in China and worldwide. The present study aimed to understand
the virological features of EV71 and host responses resulting
from EV71 infection. Six different EV71 strains were isolated
from HFMD patients with severe or mild clinical symptoms,
and were analyzed for pathogenicity in vitro and in vivo. The
results demonstrated that the six virus strains exhibited similar
cytopathogenic effects on susceptible MA104 cells. However,
marked differences in histological and immunopathological
changes were observed when mice were inoculated with the
different virus strains. Thus, the viruses studied were divided
into two groups, highly or weakly pathogenic. Two representa-
tive virus strains, JN200804 and JN200803 (highly and weakly
pathogenic, respectively) were studied further to investigate
pathogenicity-associated factors, including genetic mutations
and immunopathogenesis. The present study has demonstrated
that highly pathogenic strains have stable genome and amino
acid sequences. Notably, the present study demonstrated that
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a highly pathogenic strain induced a significant increase
of the bulk CD4 T cell levels at 3 days post-inoculation. In
conclusion, the current study demonstrates that genomic and
immunologic factors may be responsible for the multiple tissue
damage caused by highly pathogenic EV71 infection.

Introduction

Enterovirus 71 (EV71) is a major cause of hand, foot and
mouth disease (HFMD) in children (1). The pathogen was
initially recognized in 1969 in California following extensive
outbreaks in the United States (1,2). Subsequently, outbreaks
have been recorded in Australia (3), Japan (4,5), Brazil (6),
Malaysia (7), Thailand (8), Singapore (9), Taiwan (10) and
mainland China (11,12). When infected by EV71, the majority
of patients recover naturally and generate neutralizing
antibodies. However, there are certain patients who experi-
ence severe clinical symptoms, including aseptic meningitis,
brainstem encephalitis, neurogenic pulmonary edema, acute
flaccid paralysis, myocarditis and even mortality (13-15). The
mechanisms underlying the difference in clinical severity
remain unknown. Numerous factors affect the outcome of the
disease during an EV71 infection epidemic, including genetic
mutation of the virus and the immune status of patient.
Polioviruses and EV71 are members of the Enterovirus
genus within the Picornaviridae family. The EV71 genome
is a positive-stranded RNA containing ~7,400 nucleotides.
The genome includes an open reading frame, which encodes
one polyprotein that is further divided into P1, P2 and P3
by the self-coding proteinases, 2A and 3C. P1 is further
divided into four structural proteins, VP1-4. P2 and P3
contain the non-structural proteins 2A, 2B, 2C, 3A, 3B, 3C
and 3D (16,17). The genome is flanked by 5' and 3' untranslated
regions (UTRs) (18). Studies investigating EV71 have previ-
ously demonstrated that amino acid mutations in VP2 and
VP1 (19,20), and a single nucleotide mutation in the 5'-UTR (21)
increase infectivity and lethality. Furthermore, other reports
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demonstrated that cluster of differentiation (CD)4 T cells
function in a helper role for B and CD8 T cell antiviral activi-
ties (22,23), and induce immunopathogenesis elicited by viral
infection (22). This suggests that CD4 T cells exhibit opposing
functions in viral-induced immunity or immunopathogenesis.

The present study aimed to further characterize the interac-
tions between viral pathogens and the induced host responses.
The current study reports novel findings from two representa-
tive isolated virus strains with severe or mild clinical features,
which were used to infect one-day-old mice. Results demon-
strated that during EV71 infection viral genomic mutation and
immunopathogenesis, potentially as a result of CD4 T cells,
may lead to histological damage to multiple tissues. Thus, the
current study has important implications for the identification
of highly and weakly pathogenic strains, and in aiding the
treatment and/or prevention of the EV71 infection.

Materials and methods

Cell culture and animals. All animal procedures were approved
by the ethics committee of Shandong Academy of Medical
Sciences (Jinan, China), and performed in compliance with
the European Union regulations and the National Institutes of
Health standards (1996 Guide for the Care and Use of Labora-
tory Animals) (24). BALB/c mice (n=56; weight, 1.2-1.5 g; age,
1 day) were purchased from Vital River Laboratories Co., Ltd.
(Beijing, China). The animals were maintained according to
the guidelines of the National Science Council of the People's
Republic of China. Pups of the same experimental group
were housed together in an environment of 50% humidity at
22°C under a 12-h light/dark cycle. They were kept with their
mothers to provide food. The MA104 cell line (25) (Cell Bank
of Type Culture Collection of Chinese Academy of Sciences,
Shanghai, China) was maintained at 37°C in a humidified
atmosphere with 5% CO, in modified Eagle's medium (MEM,;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA) containing 10% fetal bovine serum (FBS; Hyclone; GE
Healthcare Life Sciences, Logan, UT, USA).

Patient sample collection. Human sample collection was
approved by the research ethics committee of Jinan Infec-
tious Diseases Hospital (Jinan, China). Fecal samples were
collected from a representative healthy patient, and from
4 patients with mild and 2 with severe cases of HFMD
between 2008 and 2010. Prior to collecting fecal samples,
all parents or caregivers of the eligible children were asked
to provide written informed consent and given an explana-
tion of the study. Child assent was obtained from children
>7 years of age. Children were excluded if they and/or their
caregivers refused study participation. The four mild cases
exhibited fever (<38°C) with rash on the hands, feet and
buttocks, and ulcers on the mouth. The temperature of the
patients returned to normal within 5 days and other symp-
toms disappeared in a short time. The 2 patients with severe
cases experienced more severe symptoms. These included
high fever (>39°C) that lasted for 7 days, mild rash on the
hands, feet and buttocks, and frequent vomiting. The condi-
tions of the two severe cases developed rapidly with onset of
pulmonary edema and neurologic complications, in addition
to dyspnea, acute flaccid paralysis and coma.
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Virus isolation and identification. The fecal samples were
centrifuged at 10,000 x g for 10 min at 4°C and filtered to
produce a sterile suspension. MA104 cells (1x10° cells) were
plated into a culture flask, incubated overnight to reach 65-70%
confluence, and then infected with 0.5 ml sterile suspen-
sion. Following adsorption for 2 h, the virus suspension was
replaced with MEM containing 2% FBS. The culture medium
was centrifuged at 10,000 x g for 10 min at 4°C. The virus was
collected from the supernatant by three freeze-thaw cycles
following the appearance of a 90% cytopathogenic effect
(CPE) determined by observation of cell shrinkage, rounding
of the cell, vacuolar changes and ecclasis using an ECLIPSE
Ti-S microscope (Nikon Corporation, Tokyo, Japan). Total
RNA was extracted from the virus supernatant using QIAamp
Viral RNA Mini kit (Qiagen, Inc., Valencia, CA, USA),
according to the manufacturer's protocols. Viral cDNA was
obtained using Quantscript RT kit (Tiangen Biotech Co., Ltd.,
Beijing, China) for 1 h at 37°C. Taq DNA polymerase (Tiangen
Biotech Co., Ltd.) was used in the PCR, double distilled water
served as a negative control and known EV71 cDNA served
as a positive control. For identification of EV71, the standard
primer sequences were adopted, as follows: Sense, 5'-GCA
GCCCAAAAGAACTTCAC-3"; and anti-sense, 5'-ATTTCA
GCAGGTTGGAGTGC-3'". The reaction was conducted using
an MJ Mini Thermal Cycler (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA) at the following conditions: 94°C for
3 min; 30 cycles of 94°C for 30 sec, 55°C for 30 sec and 72°C
for 1 min; and 72°C for 10 min. The PCR products were sepa-
rated using 2% agarose electrophoresis at 80 V for 40 min,
with a D2000 DNA ladder (Tiangen Biotech Co., Ltd.) and
double distilled water as a negative control. The ethidium
bromide was supplied by Sigma-Aldrich and the products were
extracted with TIANgel Midi Purification kit (Tiangen Biotech
Co., Ltd.), then sequenced by Beijing BioSune Biotechnology
Co., Ltd. (Beijing, China).

Plaque purification. MA104 cells were seeded in a 24-well
plate, incubated overnight and then infected with 200 ul seri-
ally diluted virus suspension (diluted 1:10, 1:102, 1:10° and so
on). Following adsorption for 1 h, the virus suspension was
replaced with MEM supplemented with 2% FBS and 0.5% low
melting agarose (Invitrogen; Thermo Fisher Scientific, Inc.).
An independent plaque was collected with a crooked pipet at
48 h post-infection until a monolayer of MA104 cells formed.

Virus titration. Infectivity titer, described as tissue culture
infectious dose 50 (TCIDy,), of the virus in MA104 cells
(1x10° cells/well) was performed following the previ-
ously described method of Reed and Muench (26). Briefly,
MA104 cells were seeded in 96-well plates at 1x10* cells/well.
Following overnight incubation, the virus was serially diluted
10-fold with RPMI-1640 (Invitrogen; Thermo Fisher Scientific,
Inc.) containing 2% FBS and added to the monolayer MA104
cells. The plates were then incubated at 37°C in a 5% CO, atmo-
sphere for 96 h and the presence of CPE was observed (27).

Viral infection of mice. Seven groups of eight 1-day-old BALB/c
pups were inoculated with 1x10* TCIDs, of the different virus
strains by intraperitoneal injection. One group was adminis-
tered MEM containing 2% FBS as a control. The mice were
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monitored every 3-6 h for clinical symptoms and were sacrificed
by decapitation if mice met the following criteria: Body weight
loss; lethargy; hypoxemia; and hypothermia, <33.5°C.

Electromyography determination. The function of nerves
and quadriceps of the inoculated mice were examined using
electromyography (Keypoint® G4 Workstation; Natus Medical
Incorporated, Pleasanton, CA, USA). The responses of hind
leg muscles were measured using Ag-AgCl electrodes (Natus
Medical Incorporated). Thirty motor unit potentials were
selected on the same muscles.

Histological analysis. At day 4 post-inoculation of the virus
isolates, tissues were obtained from the different groups of
mice and processed for histological analysis. Various tissue
samples, including the cerebrum, spinal cord, limb muscle,
thymus gland, spleen, liver, lungs, kidney, stomach and intes-
tines were removed from infected mice. The tissues were
fixed with 4% formaldehyde (Sinopharm Chemical Reagent
Co., Ltd., Shanghai, China) for 48 h and embedded in paraffin
(Sinopharm Chemical Reagent Co., Ltd.). The 5-ym sections
were stained with hematoxylin and eosin Y (Sigma-Aldrich,
St. Louis, MO, USA) for morphological examination. The
sections were observed under an ECLIPSE Ti-S microscope.

Immunohistochemical analysis. The 5-ym sections were placed
on poly-L-lysine-coated (Sigma-Aldrich) glass slides and fixed
with 4% paraformaldehyde (Sinopharm Chemical Reagent Co.,
Ltd.) in phosphate-buffered saline (PBS; Invitrogen; Thermo
Fisher Scientific, Inc.). Endogenous peroxidase was inhibited by
3% H,0, (Sinopharm Chemical Reagent Co., Ltd.) in PBS. The
sections were blocked with 5% bovine serum albumin for 1 h at
37°C. EV71 was detected using mouse monoclonal anti-EV71
antibody (1:1,000; EMD Millipore, Billerica, MA, USA,; cat.
no. MAB979) followed by incubation with goat anti-mouse
immunoglobulin G peroxidase-conjugated antibody (1:200;
BIOSS, Beijing, China; cat. no. bs-0296G). The slides were
then stained with 3,3'-diaminobenzidine (Sigma-Aldrich) and
counterstained with hematoxylin for morphological examina-
tion using the ECLIPSE Ti-S.

Quantification of T and NK cells. At 0, 3, 7 and 12 days
post-infection, spleens were excised from two of the mice from
each group, then homogenized and the cells were harvested
using 70-um cell strainers (BD Biosciences, Franklin Lakes,
NJ, USA). Splenocyte suspensions were centrifuged at
500 x g for 5 min at 4°C over Histopaque (Sigma-Aldrich)
and washed. Peripheral blood mononuclear cell (PBMC)
suspensions were prepared in PBS supplemented with 2%
FBS (Hyclone; GE Healthcare Life Sciences, Logan, UT,
USA). Staining was performed according to the antibody
manufacturer's protocols (eBioscience, Inc., San Diego, CA,
USA). Briefly, ~1 million PBMCs were stained for the cell
surface molecules, CD4, using fluorescein isothiocyanate
(FITC)-labeled rat monoclonal antibodies (1:200; eBiosci-
ence, Inc., cat. no. 11-0042), and CD25, using phycoerythrin
(PE)-cyanine 5.5-labeled rat monoclonal antibodies (1:200;
eBioscience, Inc.; cat. no. 35-0251), for 30 min. They were
then fixed and permeated using Cytofix/Cytoperm buffer
(BD Biosciences) for the appropriate time according to the
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manufacturer's protocols. Other PBMCs were stained in
parallel using APC-labeled rat monoclonal anti-CD16 (for
NK cells; 1:200; eBioscience, Inc.; cat. no. 17-0161-81), rat
monoclonal FITC-labeled anti-CD3 (for total lymphocytes;
1:200; eBioscience, Inc.; cat. no. 11-0032) and PE-labeled rat
monoclonal anti-CD8 antibody (1:200; eBioscience, Inc.; cat.
no. 12-0081). Cells were washed with 200 ul 1X Perm/Wash
buffer (BD Biosciences) and stained with PE-labeled rat
monoclonal forkhead box P3 (Foxp3) antibody (1:50; eBiosci-
ence, Inc.; cat. no. 12-5773) for 1 h at room temperature. The
cells were washed again in 200 y1 1X Perm/Wash buffer and
fixed in paraformaldehyde-PBS. Cells were then analyzed
using a BD FACSCalibur™ flow cytometer (BD Biosciences)
and FlowlJo software (version 7.6.1; Tree Star, Inc., Ashland,
OR, USA).

Full-length gene sequencing and analysis. The full-length
sequencing of the virus genome was performed by Beijing
BioSune Biotechnology Co.,Ltd. and analyzed using Moleculat
Evolutionary Genetics Analysis software (version 5.05) (28).

Statistical analysis. Student's t-test was used to determine
statistical significance. All analyses were performed using SPSS
software (version 13.5; SPSS, Inc., Chicago, IL, USA). P<0.05
was considered to indicate a statistically significant difference.

Results

Six EV71 strains were isolated and a weakly and highly
pathogenic strain were selected for further study. MA104 cells
exhibited marked CPEs on day 1 following inoculation with viral
specimens. The CPEs included cell shrinkage, rounding of the
cell, cytoplasmic vacuolar changes and ecclasis. Six specimens
exhibited similar CPE and all were identified as EV71 following
inoculation. The present study identified a weakly (JN200803)
and a highly pathogenic strain (JN200804; Fig. 1A).

No difference in virulence was determined by TCID:s, titra-
tion. The TCIDy, of the six virus specimens were calculated
according to the method previously described by Reed and
Muench (26). The TCIDs, of all viruses were between 10°7 and
10%!/ml. No statistical significance was demonstrated between
the TCID;, titrations of different viral samples (P>0.05; t-test).

Mice were infected with the weakly or highly pathogenic
strains. One-day-old BALB/c mice were inoculated with 1x10*
TCIDs, from each virus strain by intraperitoneal injection. The
data of two representative highly/weakly pathogenic viruses are
presented. By day 3 post-infection, 4 out of 7 IN200804-infected
mice had developed hind limb paralysis (Fig. 1B) and by day 4
post-infection, all JN200804-infected mice had developed hind
limb paralysis and were sacrificed within 5-7 days post-infection
(Fig. 1C). By contrast, the JN200803-infected and negative
control mice remained healthy and grew normally without any
apparent neurological symptoms.

Electromyography demonstrated an increased time limit and
decreased wave amplitude in JN200804-infected mice. To
further assess the function changes to the nerves and muscles
following viral infection, an electromyography machine was
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Figure 1. Enterovirus 71 isolation and the general status of mice following inoculation with viral isolates. (A) Cytopathogenic effect on MA104 cells (x100).
(a) control cells; (b) cells infected with low pathogenic JN200803 strain; (c) cells infected with highly pathologic JN200804 strain. (B) Mice were inocu-
lated with the two viruses. Mice a-g, JN200804-infected; mouse h, representative JN200803-infected mouse. (C) Survival curves following infection with
JN200804 and JN200803 strains. (D) Electromicrography time limit and wave amplitude results of JN200804-infected and JN200803-infected mice. Data are
presented as the mean + standard error. "P<0.05 vs. control group. The results presented are representative of three experiments.

employed to record the electric current time limit and wave
length. Electromyography of nerve and muscle function demon-
strated that the time limit was increased and the wave amplitude
significantly decreased in JN200804-infected mice compared
with control mice (P<0.05), whereas, the JN200803-infected
mice were normal with no statistical difference compared with
the negative control (P>0.05; Fig. 1D).

Numerous histological changes were observed in
JN200804-infected mice. Histological analysis was performed
on a variety of tissues and major organs from EV71-infected
mice (Fig. 2). Compared with negative control mice, numerous
histopathological changes were observed in various tissues
following JN200804 inoculation. The number of Purkinje and
granular cells in the cerebellum were decreased compared

with non-infected mice (Fig. 2A). Additionally, nerve fibers
in the white matter of the spinal midpiece appeared thick and
swollen (Fig. 2C), and pneumorrhagia was observed (Fig. 2E).
Furthermore, lymphocyte infiltration and acidophilic degen-
eration were present in the liver (Fig. 2G). In the renal cortex,
the number of glomeruli was decreased and epithelial cells
within the kidney tubules appeared cloudy and were swollen
in appearance (Fig. 2I). The skeletal muscle cells exhibited
necrolysis with lymphocyte infiltration (Fig. 2K). However,
the JN200803-infected mice did not demonstrate apparent
histopathological changes (Fig. 2) when compared with nega-
tive controls.

Immunohistochemical analysis demonstrated the presence of
EV71 in brain tissue samples from JN200804-infected mice.
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Table I. Sequence comparison of JIN200803 and JN200804 strains.

Region Nucleotide sequence (JN200803>JN200804) Amino acid sequence (JN200803>JN200804)
5'-UTR C115T -
T132C --
T811C --
VP3 A2196G Q485R
C2253T A504V
G2351A V5371
VP1 G2657A G639S
2A G3551A G937S
2B C3783T A1014V
A3875G 11045V
C3927T T10621
2C A4146G KI1135R
G4177T E1145D
T4206C V1155A
G4823A V1361M
3C A5531G 11597V
G5591A D1617N
3D C5978T L1746F
C7179T A2146V
3-UTR A7347G --

There are 16 amino acid sequence variances in coding region and 4 nucleotide sequence variances in non-coding region between JN200803 and
JN200804 strains. UTR, untranslated region.

Figure 2. Histological examination of tissues from enterovirus 71-infected mice using hematoxylin and eosin staining. (A and B) Cerebellum, (C and D) spinal
midpiece, (E and F) lung, (G and H) liver, (I and J) renal cortex and (K and L) skeletal muscle of IN200804-infected (A,C.E,G,I and K) and JN200803-infected
(B,D,F,H,J and L) mice. In JN200804-infected mice, compared with negative controls, (A) the number of Purkinje cells and granular cells of cerebellum
were decreased, (C) nerve fibers in white matter of spinal middle piece were thick, swollen looking. (E) Pneumorrhagia was also observed under microscope.
(G) Lymphocyte infiltration and acidophilic degeneration was observed in the liver. (I) In the renal cortex, the number of glomeruli was decreased and epithe-
lial cells within the kidney tubules appeared cloudy and swollen. (K) Necrolysis and lymphocyte infiltration was observed in skeletal muscle cells necrolysis
with lymphocyte infiltration There was no apparent histopathological changes to the JN200803-infected mice compared with negative controls. The results
presented are representative of two experiments.

Having observed broad histological damages to various tissues  mice also exhibited apparent neurological damage. Thus,
following infection with a highly pathogenic strain of EV71, the present study investigated whether the brain tissues were
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Figure 3. Immunohistochemical analysis. Immunohistochemistry staining of
brain tissue from (A) JN200804-infected and (B) JN200803-infected mice.
Arrows indicate enterovirus 71 antigen-positive cells (brown staining). The
results presented are representative of two experiments. Staining used was
3,3'-diaminobenzidine and counterstaining with hematoxylin. Magnification,
x400.

directly infected with the virus. Evidence of EV71 infection
was confirmed by staining brain tissue sections from JN200804
and JN200803-infected mice with anti-EV71-specific antibody
(Fig. 3). EV71 staining was observed in the brain tissue of
JN200804-infected mice, but not in JN200803-infected mice.
Negative control tissues did not exhibit any positive staining
(data not shown).

Bulk CD4 T cell expansion was increased in highly pathogenic
EV71 JN200804 strain-infected mice. Viral pathogens often
induce strong CD4 T cell responses that are characterized
for their ability to aid B cell and CDS8 T cell responses (20).
However, a previous study has elucidated alternative pathogenic
mechanisms by which vaccine-elicited CD4 T cells induce
immunopathogenesis following chronic lymphocytic chorio-
meningitis virus (LCMV) infection (22). Thus, the present
study investigated the CD4 T cell expansion levels during
EV71 infection (Fig. 4). Notably, at day 3 post-JN200804 infec-
tion, the expansion of spleen bulk CD4 T cells was increased
by 6-fold compared with the weakly pathogenic (JN200803)
strain (P<0.01). This result indicates that overexpansion of CD4
T cells may be an important factor in tissue damage following
infection with highly pathogenic EV71 (Fig. 4). Furthermore,
regulatory T cells isolated from the spleen were also quantified
by intracellular staining with Foxp3. No significant difference
was observed in the level of Foxp3-positive cells between
JN200804 and JN200803-infected samples. Additionally, no
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Figure 4. CD4 T cells expansion is increases in highly pathogenic
EV7l-infected mice. Mice (n=5) were inoculated with EV71 JN200803 and
JN200804 strains (1x10* tissue culture infectious doses,, intraperitoneal
injection), controls were injected with phosphate-buffered saline. At 0, 3,
7 and 12 days post-inoculation, spleens were isolated and homogenized.
Splenocytes were stained with anti-CD4 and CD25 antibodies, and intra-
cellularly stained with anti-Foxp3 antibodies. Flow cytometry and FlowJo
software were used to analyze the CD4 T cells. (A) Kinetics of CD4 T cells
expansion. A significant increase of CD4 T cell expansion was observed at
3 days post-inoculation with the highly pathogenic EV71 JN200804 strain.
Representative flow cytometry analysis of CD4 T cell population in (B) unin-
fected mice, and mice 3 days post-inoculation with EV71 (C) JN200804
and (D) JN200803 strains. The results presented are representative of three
experiments. Data are presented as the mean + standard error. “P<0.01
vs. JN200803. CD, cluster of differentiation; EV71, enterovirus 71; Foxp3,
forkhead box P3.



%ﬁ SPANDIDOS
'3,‘ PUBLICATIONS

significant difference was observed in the levels of CD8 T or
NK cells between JN200804 and JN200803-infected samples
(data not shown).

Full-length gene sequencing and analysis indicated differ-
ences between the two strains in the non-coding and coding
regions. Having demonstrated that the different virus strains
resulted in either weakly or highly pathogenic changes in
patients and animal models, the present study aimed to further
investigate factors that may be leading to the differences. As
viral genomic mutations can be a causative factor of various
clinical differences, the two viruses were sequenced and the
nucleotide sequences were analyzed. Sequence variation was
detected at 106 nucleotide sequences, which included 4 nucleo-
tide sequence variances in non-coding regions and 16 changes
to the resulting amino acid sequence in the coding regions of
the two strains (Table I). These sequences were deposited in
GenBank (www.ncbi.nlm.nih.gov/genbank/) with the acces-
sion numbers JF913464 and HQ825317 for JN200803 and
JN200804, respectively.

Discussion

EV71 infection has become a severe health problem for young
children in China, and worldwide, due to frequent epidemics.
The disease is typically mild and self-limiting in children,
however, the infection may also result in severe neurological
disease, which can be fatal. It is generally understood that the
level of clinical severity depends on the patient's own health
and immune status. Antibodies generated from a previous
infection may protect patients from a later EV71 infection.
Epidemiological studies have also demonstrated that the
severity of HFMD is not directly associated with certain
genotypes of EV71 (29,30). Thus, different genotypes may
present with mild clinical symptoms and also severe complica-
tions at the same time. This finding is supported by research
on the infections of cynomolgus monkeys. Previous results
have demonstrated that monkeys inoculated with five EV71
strains isolated from individual patients with fatal HFMD
encephalitis and meningitis all became infected and developed
neurological manifestations within 1-6 days post-inoculation,
irrespective of the inoculated strain used (31). This is in
accordance with the results of the present study, as despite the
TCIDs, of the two virus strains (JN200804 and JN200803)
being similar in vitro, they induced starkly contrasting clinical
features and pathogenicity when used to inoculate animals.
The present study demonstrated that JN200804 infection
resulted in a vast array of histological changes in major tissues
and organs, and immunohistochemical analysis additionally
demonstrated damage to brain tissues (Fig. 3). The current
results are consistent with the findings discussed in a recent
review (32); viral tropisms are completely distinct in the two
viral strains investigated in the present study.

Viral infections are the result of coefficient interaction
between a virus and host. One of the common features of
RNA virus infection is genetic mutation, particularly for HIV
and influenza viruses. This type of mutation is also a causative
factor that leads to various clinical outcomes in HI'V and viral
influenza infections. Regarding EV71 infection, a previous
report has demonstrated that mutations in the VP1 capsid
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proteins are responsible for the viral infectivity in vitro and
virulence in vivo (19). Likewise, virulence loci of coxsachie-
virus and poliovirus have also been reported within the VP1
region (33). The full-length sequencing results of the current
study demonstrated that one amino acid mutation existed
between the two strains in the VP1 region (Table I). Although
non-structural proteins are not essential in forming the basic
frame of a viral particle, they are understood to be crucial for
infection and replication. Currently, the virulence and infec-
tivity as a result of genomic changes remain largely unknown.
However, in EV71 infection, an increasing number of reports,
including the present study (Table I), have demonstrated that
mutations in different regions, including the 3'-UTR (18) and
5'-UTR (34,35), in structural (19,36) and non-structural (37-42)
protein coding regions are responsible for virulence and tissue
tropisms. Further study will elucidate the genetic virulent
points important for therapeutic and preventive applications.
As such, the ongoing aim of the present research is to inves-
tigate mutation-associated virulence in an EV71-infected
mouse model.

Viral infection also induces immunopathogenesis,
particularly in CD4 T cells. A previous report by the
Penaloza-MacMaster et al (22) has demonstrated that
vaccine-elicited CD4 T cells increased tissue immunopatho-
genesis in response to LCMV (16). In support of this previous
finding, the present study demonstrated that the level of CD4
T cells was significantly increased at day 3 following injection
of mice with IN200804 (Fig. 4B), the highly pathogenic EV71
strain. This indicates an important function for CD4 T cell
response-induced pathogenesis during EV71 infection. Thus,
further research will focus on CD4 T cell function in order
to explore the mechanisms by which CD4 T cells result in
immunopathogenesis during EV71 infection.

In conclusion, the results of the current study demonstrated
the genomic variation, and the different clinical, histological
CD4 T cell responses as a result of infection with the two
EV71 strains. The results of the present study suggest that
genomic and immunological factors may mediate the tissue
damage caused by highly pathogenic EV71 infection. Thus,
by characterizing highly and weakly pathogenic EV71 strains,
the results of the present study have important implications
regarding the treatment and prevention of EV71.
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