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ABSTRACT 

Enterovirus 71 (EV71) can cause serious nerv-
ous system lesions but to date the pathogene-
sis has been unclear. Our results show that 
EV71 proliferates in the neural cells and leads to 
neural cell lesions. The study of the pathology 
of EV71 infection in neonatal rat brains shows 
that the invasive ability of EV71 to the nervous 
system in vivo may depend on many unknown 
factors. 
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1. INTRODUCTION 

EV71 shares many structural characteristics with Picorna 
virus and is also a member of the Enterovirus family. 
Additionally [1], EV71 has been defined as the major 
pathogen of the hand-foot and mouth disease (HFMD) 

[2]. The clinical features of HFMD caused by EV71 in-
fection have drawn increased attention [3]. The clinical 
features of EV71 infection are different from other en-
teroviruses such as the CoxA16 and CoxB3 that also 
cause HFMD [4]. A number of severe clinical cases that 
occurred in an epidemic in the Taiwan and Fuyang re-
gions in China [5,6]suggest that EV71 infection may 
cause nervous system lesions and lead to a responsive 
heart and lung failure in some infected patients [7]. The 
clinical features indicate that the biological significance 
of EV71 infection in neural cells may affect the epide-
miology and clinical consequences of HFMD. Thus, in 
addition to the study of the pathogenesis of EV71 infec-
tion and the epidemiological detection, the study of the 
biological effects of EV71 infection in neural cells is of 

great importance. A number of studies have reported the 
development of a mouse-adapted HEV71 strain and new-
born mice infected with mouse-adapted HEV71 [8-10]. 
These evidence suggests that rodents are not resistant to 
EV71 infection. Etiological studies of EV71 have so far 
not provided a good explanation of how EV71 infects 
neural cells, mainly because there is no established neu-
ral cell tissue culture model. In our work, we used a 
primary rat nerve cell line to examine the basic biologi-
cal characteristics of the process of EV71 infection in 
neural cells, as well as the pathological changes caused by 
EV71 infection in rats. Thus, a basic biological study of 
EV71 infection in neural cells is provided in this article. 
 
2. MATERIALS AND METHODS 

2.1. Viruses and Cells 

The EV71-23 isolated strain was provided by the Dept. 
of Viral Immunology, the Institute of Medical Biology, 
Chinese Academy of Medical Sciences, which was re-
produced and harvested in Vero cells with a titer of 
107CCID50/ml. 

2.2. Rat Cortex Neural Cell Cultures and 
Phenotype Identification  

Four SD neonatal rats were soaked in 75% cold ethanol 
for 3-5 min before being sacrificed by decapitation under 
sterile conditions. The rat brains were placed into pre- 
cooling D-Hanks balanced salt solution. The cerebral 
cortex was separated by careful removal of the meninges 
and blood vessels and shredded into a size of about 1 
mm3. The tissues were digested with 0.25% trypsin to a 
single cell suspension in DF12 complete medium con-
taining 10% FBS, inoculated into culture bottles treated 
with PLL to a density of 1 × 106, and cultured in relative 
volume fractions in a 5% CO2 incubator at 37℃. After 
12 h the original culture mediums were replaced with 
Neurobasal culture media containing 2% B27 for main-
tenance culture, then one-half of the medium was re-
placed with Neurobasal/B27 every three days. Culture 
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bottle coating methods: 0.01 mg/ml of PLL was used for 
coating for 1 h at 37℃, and bottles were ready for in-
oculation after washing two times with sterile distilled 
water. After ten days, the culture medium was discarded, 
and the neurons were fixed in cold 4% paraformalde-
hyde for 20 min. Next, 3% H2O2 was added to block 
endogenous peroxidase. The cells were incubated with 
the primary anti-NSE polyclonal antibody (1:150) at 4℃ 
overnight, and then the secondary antibody (biotin- 
labeled goat IgG) was added at room temperature for 30 
min. The results were observed under an electron mi-
croscope after chromogenic freezing in DAB. In the ne- 
gative control samples, the primary antibody was re-
placed with the 0.01 mol/L PBS. All animal care and 
handling were performed in accordance with the guide-
lines specified by the Institutes of Health Guide for the 
Care and Use of Laboratory Animals of Yunnan. During 
the entire experiment, the animals were monitored online 
to avoid any unnecessary suffering and to ensure com-
plete anaesthesia. 

2.3. Virus Titration 

Rat cortex neurons were cultured in 6-well plates for 10 
days. The medium was aspirated, and 200 ul of 105CC- 
ID50/ml virus was added to the cells for 1 h at 37℃ for 
adsorption. Cell maintenance medium containing 1.0% 
fetal calf serum was added and cells were incubated in 
5% CO2 at 37℃. For the control group the cell mainte-
nance media was added directly and cultured under the 
same conditions. The cells were harvested and diluted 10- 
fold at 24 h and 48 h. The infectious titer was determined 
to be 5.5 at 10-4 diluent degree by the micro-titration test. 

2.4. Immunofluorescence Analysis 

The coverslip of 10-day cultured cortex neurons (1.0 × 
1.0 cm2) was washed lightly three times in cold 0.01 
mol/L PBS (pH 7.4) and fixed with 4% paraformalde-
hyde for 30 min. The fixed coverslip was washed three 
times with PBS, 5 min each time, incubated at room 
temperature for 10 min in 1% H2O2, washed two times 
with PBS for 5 min each wash, and the coverslip was 
blocked with 1% bovine serum albumin at 37℃ for 30 
min. The bovine serum albumin was discarded, and 
anti-EV71-FY23 polyclonal mouse antibody (1:100) was 
added and incubated at 4℃ overnight. Next, the cover-
slip was washed three times with PBS and incubated 
with FITC labeled goat anti-mouse IgG (1:300) for 2 
hours. Finally, the coverslip was washed with PBS three 
times and photographed under a fluorescence micro-
scope. In the negative control group, the primary anti-
body was replaced with 0.01 mol/L PBS. 

2.5. Electron Microscopy of Infected Cells 

The cells were collected after digestion and separation 

with trypsin 24 hours after virus inoculation and placed 
into electron microscopy fixing solution mixed with 3% 
glutaraldehyde plus 1.5% paraformaldehyde, followed 
by fixation with 1% osmium tetroxide, dehydration with 
gradient alcohol and embedding with epoxy resin. The 
neuron ultrastructure was observed through ultrathin 
sections under electron microscopy. 

2.6. Quantitative Detection of the EV71  
Viral Load by Real-Time PCR 

Cells infected with EV71-23 at different were collected 
at varying time-points. RNA (TRI REAGENT-BD) was 
extracted by the Trizol method. Real-time PCR was 
performed with a one-step PrimescriptTM RT-PCR 
(TaKaRa) kit. The primer sequences for EV71-23 (gene 
sequence number is eu812515) are FW primer: 5'-ccacc- 
tggagcccctaagccag-3', RV primer: 5'-cattgataagcactcgca- 
gg-3'; and probe primer: 5'-FAM-agcgcaggtttcagtgccatt- 
cat-TAMRA3-3'. A volume of 2 ul of total RNA tem-
plate, 0.5 ul of 10 uM upstream and downstream primers, 
and 1 ul of Taq man probe solution were used for the 
reaction for 40 cycles at 42℃ for 5 min, at 95℃ for 10 s, 
at 95℃ for 5 min. and 60℃ for 40 s. 

2.7. Pathological Detection of EV71  
Infection in the Nervous System of Rats 

0.4 µm thick paraffin sections of the brain of neonatal 
rats infected by EV71 for five days were used to perform 
the high-pressure antigen retrieval after deparaffin and 
dehydration with a gradient ethanol. A volume of 50μl 
of the primary antibody (VEGF, HO-1 antibody) was 
added to each slice and incubated in 4℃ overnight. The 
secondary enzyme-labeled rabbit anti-mouse conjugate 
antibody was incubated with each slice at room tem-
perature. DAB showed color after 15 minutes. The slices 
were observed under a microscope for 3-5 minutes, dif-
ferentiated with 0.1% HCl, washed with tap water to 
blue, dehydrated and dried with a gradient ethanol, 
transparencied with xylene, and sealed with neutral gum. 
 
3. RESULTS 

3.1. The Primary Passage Culture of Rat 
Neural Cells and the Phenotype  
Identification 

The neural cortex of neonatal rats were collected, dis-
persed, screened and cultured in 6-well plates. After 10 
days, the cells grew in a monolayer indicating that the 
networks between neurons are very rich, which is a fea-
ture of neurons. Some neural cells assembled into a 
group (Figure 1(a)). To confirm that the cells were neu-
ral cells, rather than supporting cells, an immunohisto- 
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(a) 

 
(b) 

Figure 1. Primary neuron culture and phenotype identification 
of neonate rat. (a) Neuron at culture day 10 (×200); (b) NSE 
labeled neuron (×200). 
 
chemistry staining test was performed using anti-NSE 
polyclonal antibody. The result showed that the cells had 
a clear neuronal phenotype (Figure 1(b)). Data indicate 
that neuron-specific enolase (NSE) is a specific marker 
of neuronal differentiation and maturation. NSE is a cy-
toplasmic protein and a dimer isozyme involved in the 
process of glycolysis, which is expressed mainly in neu-
rons and located in neuronal cell bodies, axons and den-
drites [11]. The chemical staining method using NSE- 
specific antibody to immune cells in our test identifies 
neurons in vitro and allows the analysis of the growth 
and development of neurons. Our cultured neural cells 
established a primary neural cell culture while maintain-
ing their phenotypic characteristics. 

3.2. Infectious Proliferation of EV71  
Cultured in Primary Neural Cells 

A monolayer of neural cells were inoculated with virus 
at an MOI of 0.01. Immunofluorescence analysis of 
neural cells that had been infected for 8 hours demon-
strated EV71 antigen synthesis in the neural cells (Fig-

ure 2(a)). Examination by light microscopy of neural 
cells that had been infected for 24 hours showed no 
pathological features but cells were observed to be round 
and shrinking (data not shown). However, the electron 
microscope examination of these cells demonstrated that 
EV71 infection of neuronal cells led to the typically ob-
served cell lesions, cell degeneration and necrosis, and 
rupture of cell membrane. In addition, organelles with 
membrane structures in the cytoplasm were ruptured and 
dissolved (Figure 2(b)). There was no remarkable im-
pact found in red blood cells. 

3.3. Analysis of the Growing Dynamics of 
Infectious Proliferation of EV71 in  
Infected Neural Cells 

Each virus has its own particular growth dynamics in 
susceptible cells. The proliferation of EV71 in other 
cells, such as Vero cells and RD cells, shows that its 
proliferation is similar to other enteroviruses [12]. An 
analysis of absolute amounts of viral proliferation by an 
infection at an MOI of 1 in 104 neural cells showed that 
up to 106CCID50 of virus were harvested in 24 h (Fig-
ure 3(a)). The amplification curve from RT-PCR data of 
EV71 infection in neural cells demonstrates that the pro-
liferation peak occurred 12 h after infection and declined 
soon after (Figure 3(b)). 

3.4. Observation of the Infectious  
Pathology of EV71 in the          
Neonatal Rat Brain 

Although EV71 is able to infect neural cells under tissue 
culture conditions in vitro, its invasive ability of infec-
tion of the nervous system in vivo may depend on more 
unknown factors. Therefore, we further explored in vivo 
infection by inoculating EV71 into the nerve tissue of 
neonatal rats by intracerebral injection to analyze infec-
tion using clinical and histopathological indicators. Ob-
servation of neonatal rats inoculated with 105CCID50 
EV71 by intracerebral injection for 10 days indicated 
that EV71 did not cause the experimental neonatal rat 
group to develop clinical symptoms (data not shown). 
However, a histopathological observation of brain nerve 
tissue of a neonatal rat, which was killed on the fifth day 
of infection, indicated that the intracerebral injection of 
EV71 did cause an apparent inflammatory reaction, 
emergence of nerve glial cell aggregation, and a small 
amount of nerve cell damage (Figures 4(a), (b), and (c)). 
 
4. DISCUSSION 
 
It is difficult to clinically distinguish HFMD caused by 
EV71 infection from CoxA16 infection but EV71 can 
cause nervous system lesions with higher mortality rates  
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Figure 2. Cell biology change of EV71 infected 
neuron. (a) EV71 antigen synthesis in the neural cells; 
(b) Electron microscope examination of EV71 in-
fected neuron. 
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Figure 3. Growth kinetics analysis of EV71 infected neuron. (a) 
Proliferation of EV71 in neuron; (b) The amplification curve of 
EV71 infection in neuron. 
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(a) 

 
(b) 

 

 

(c) 

Figure 4. EV71 virus transcranial inoculates and infects neo-
nate rats’ nervous tissue. (a) Normal neonate rat (×200); (b) 
Infected EV71 for 5 days (×200), it is clear that glial cell dif-
fusely hyperplasy; (c) Infected EV71 for 5 days (×400) arrow-
head showed neuronophagia. 
 
and is an extreme hazard in children with severe infec- 

tions. However, extensive research on EV71 infection of 
the nervous system is lacking, and particularly there 
have been no studies in primary neural cells, which 
could have a great impact on understanding the epide-
miology and clinical consequences of HFMD. Thus, 
analysis of the biological effects of EV71 infection in  
neural cells will help to understand the pathogenesis of 
EV71 infection and its clinical impact. As known before, 
HEV71 has a limited host range, with humans and some 
monkeys. Therefore, the high cost of monkeys and their 
maintenance precludes their widespread use for studies 

of viral pathogenesis. Thus, a small animal model would 
provide a more cost-effective and practical tool for stud-
ies of HEV71 pathogenesis and for vaccine development. 

A number of studies have suggested that rodents are not 
resistant to EV71 infection. Since we think mouse- 
adapted EV71 strains are imperfect, so we want to 
search other cell lines which facility infected by EV71. 
On the other hand, it is more convenient to observe the 
pathological change in rat brain than that of mouse be-
cause the former is bigger that the latter. In our study, 
immunofluorescence analysis of neural cells infected for 
8 hours showed EV71 antigen synthesis, which was 
concentrated in the cytoplasm and neural synapses. Al-
though no lesions were observed under the optical mi-
croscope in neural cells infected for 24 hours, subse-
quent electron microscopy showed that organelles were 
dissolved and broken. The result showed that EV71 in-
fection affected the cytoplasm and synapses, as observed 
by Immunofluorescence, as well as the nucleus. Electron 
microscopy also confirmed the role of EV71 in causing 
neural cells lesions. An analysis of the growth dynamics 
of EV71 during infection of neural cells showed specific 
growth dynamics associated with enterovirus prolifera-
tion, which demonstrates that neural cells are as suscep-
tible to infection as other cells. These results show that 
EV71 could indeed infect and proliferate in neural cells 
in vivo. To further understand the role of EV71 infection 
in rats, we examined the pathology of infection in neo-
natal rat brains. A small amount of nerve cell damage, 
obvious inflammation and glial cell proliferation were 
found in the nerve tissue of neonatal rats that were in-
fected for 5 days. This indicated that infection of neona-
tal rats resulted in a certain degree of central nervous 
system lesions. There were no obvious clinical symp-
toms observed among neonatal rats after 10 days infec-
tion. We speculate that this is because the nervous sys-
tem lesions were mild and were able to recover gradu-
ally. The result further indicates that there are a variety 
of complex factors involved in EV71 infection in neural 
cells in vivo. Therefore, complex pathways should be 
considered in further studies of the mechanism of EV71 
infection of the nervous system. 
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