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Abstract: Enterovirus (EV) belongs to the picornavirus family and is common pathogen in clinics. Early study re-
garding EV infection mainly utilized pathogen culture, but retarding diagnosis and treatment. Recent progress of 
molecular biology has made progress for pathogen diagnosis. This study thus investigated the expression of EV in 
cerebrospinal fluid (CSF) of children with central nervous infection, in an attempt to discuss the clinical significance 
of EV genotyping. 94 children with aseptic encephalitis (or meningitis) were enrolled in parallel with 37 controls. Flu-
orescent RT-PCR was used to screen EV from CSF, with positive results obtained from those samples with CT values 
less than 30. After primary screening of EV, amplification of VP1 and VP4 segment was then performed, followed by 
sequencing of positive fragments and genotyping. No EV RNA was detected in 37 control patients, while 69 out of 
94 aseptic encephalitis patients had EV RNA expression. Among those 53 samples were positive for VP1 segment 
while 47 samples were VP4-positive. Sequencing of those segments showed more than 96% homology with Gen 
Bank EV standard viral strain. Fluorescent RT-PCR can detect EV RNA from CSF of central nervous infection children 
with efficiency and accuracy. The combined genotyping of VP4 sequence can further improve sensitivity of EV typing.
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Introduction

Enterovirus (EV) belongs to the picornavirus 
family and is common pathogen in clinics [1]. 
Currently discovered EVs consists of 71 sero-
types including poliovirus (PV), Coxsackievirus 
(CV), entero cytopathic humanorphan virus 
(ECHO) and new type enterovirus [2]. EV has 
small viral particle of icosahedron shape, in 
which single positive strand RNA resides [3]. EV 
RNA encodes 4 structural proteins, namely VP1 
to VP4 [4], which form the capsid surrounding 
viral RNA. VP1 to VP3 locate outside the capsid 
while VP4 resides inside [5]. Study has found 
that outside EV viral capsid there were multiple 
antigen determinants, which are related with 
specific immune response [6]. The polymor-
phism of genes encoding outer surface of cap-
sid determines specificity of antigen determi-
nants and genetic polymorphism of all sero- 
types of virus [7]. VP4 protein, which locates 
inside the capsid, ensures the stability of virus 

[8]. Epidemiology study showed worldwide dis-
tribution of EV infection, especially in those 
regions with warm, humid environment and 
crowded population. China is one high-inci-
dence area of EV. With popular application of 
vaccine, PV infection is quite rare in recent 
years, whilst CV and ECHO are still common 
pathogens for both local and systemic inflam-
mation [9]. EV infection can occur in all age 
groups, among which adult patients frequently 
present as minor or asymptotic features due to 
complete immune functions, while children 
infection may develop into systemic symptoms 
even affecting major organs such as brain, 
heart and liver, causing unfavorable prognosis 
or even death [10]. An incomplete survey sh- 
owed that EV infection accounts for 80% of all 
aseptic encephalitis (or meningitis) [11]. Due to 
its requirement for host cells, isolation and cul-
ture of viral pathogens is relatively difficult, 
causing time lag of pathogen diagnosis, thus 
retarding clinical application. Recent progress 
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in molecular biology has made advancement in 
pathogen diagnosis of EV. Fluorescent RT-PCR 
revolutionized classical pathogen diagnosis 
approach. Due to its safety, rapidness, high re- 
plicability, sensitivity and specificity, fluores-
cent RT-PCR has become an important tool in 
molecular biology [12]. This study thus emplo- 
yed fluorescent RT-PCR to describe the expres-
sion of EV in cerebrospinal fluid (CSF) of EV 
infected children, in an attempt to elucidate the 
clinical significance of EV genotyping in central 
nervous system (CNS) infected children.

Materials and methods

Research objects

A total of 94 aseptic encephalitis (meningitis) 
children from January 2011 to December 2014 
were enrolled in Dongying Municipal People’s 
Hospital. 1 ml CSF samples were collected at 
the day of admitting. There were 74 patients at 
acute phase and 20 children at recovery phase. 
There were 61 males and 33 females, with 
aging between 0.5 and 10 years (average age = 
5.82±3.81 years). Another cohort of 37 chil-
dren (24 males and 13 females, average = 
6.73±3.25 years) who received brain surgery at 
the same time period were enrolled as the neg-
ative control. They had no clinical symptom of 
infection, with normal blood and biochemical 
indexes. Positive control was employed using 
standard viral strain of COXB3, ECHO30 and 
EV71 provided by Kunming Institute, Chinese 
Academy of Sciences. CSF samples were stored 
at -80°C. This study has been approved by ethi-
cal committee of Dongying Municipal People’s 
Hospital and has obtained written consents 
from all research subjects.

Viral RNA extraction

QiampMinelute Virus Spin Kit (QIAGEN, Ge- 
rmany) was used to extract viral RNA. 0.5 ml 
CSF was mixed with 50 μl proteinase K and 
200 μl AL buffer, and was vortexed for 30 s. 
The mixture was then incubated at 60°C for 15 
min. 0.5 ml absolute ethanol (Baotaike, China) 
was added for 30 s vortex, followed by 5 min 
room temperature incubation. The mixture was 
transferred to the column and was centrifuged 
at 12000 g for 30 s at 4°C. The filtrate was dis-
carded, followed by 0.5 ml buffer I and 0.7 ml 
buffer II (each followed by 30s centrifugation). 
0.1 ml RNAse-free water was then added into 
the column for 1 min centrifugation to obtain 
RNA solution, which was kept at -80°C for fur-
ther use.

Fluorescent RT-PCR

One step RT-PCR kit reverse transcription kit 
(ABI, USA) was used for RNA synthesis. 500 ng 
RNA was incubated at 65°C for 5 min, followed 
by ice cool down for 2 min. PCR primer and 
Taqman Universal Master Mix (ABI, USA) includ-
ing reverse transcription buffer, polymerase 
and water were prepared in a 20 μl system. 
PCR amplification was performed on VIIA 7 
real-time fluorescent quantitative PCR cycler 
(ABI, USA) under the following conditions: 95°C 
for 5 min, followed by 40 cycles each contain-
ing 95°C 15 s, and 60°C 60 s. Universal prim-
ers and typing primers were shown in Table 1. 
Universal primer was designed based on 5’-non 
coding region of EV genome, while typing prim-
ers were located at VP1 and VP4 regions.

Target gene fragment purification

Quick Gel Extraction Kit (QIAGEN, Germany) 
was used to purify target gene fragments. 
Agarose gel bands containing target gene were 
weighted and mixed with QG solutions (100 mg 
gel with 300 μl buffer). After heating at 50°C 
plate, with inversion every 3 min until complete 
resolving of agarose gel, the mixture was added 
with equal volume of isopropanol (Baotaike, 
China). After vortex, the mixture was trans-
ferred to the column for 12000 g centrifugation 
at 4°C for 1 min. The infiltrate was discarded 
and 0.5 ml QG buffer was loaded onto the col-
umn, which was re-centrifuged for 12000 g at 
4°C for 1 min. 0.75 ml PE buffer was again 
added and was centrifuged for 12000 g at 4°C 
for 1 min. The column was transferred and 

Table 1. Primer sequence
Primer Sequence
Universal Forward TCCGGCCCCTGAATGCGGCTAAT

Reverse CACCGGATGGCCAATCCA
Probe GAAACACGGACACCCAAAGTA

VP1 Forward MIGCIGYIGARACNG
Reverse CICCIGGIGGIAYRWACA
Probe CCGAGGATGCAAGGCTTGTTTCAGA

VP4 Forward CARGTYTCHGTNCCRTTYATGTCACC
Reverse GCTGTYTTCGMYTTRAYCCADGC
Probe CGAAGGATGCCCAGAAGGTACCCGT

Note: IUB standard codes were used for mixed base pairs in 
primer sequence. I, hypoxanthine; D=G, A or T; R=A or R; Y=T 
or C; N=A, T, C or G; M=A or C.
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Figure 1. RT-PCR amplification curve using universal primers. A. Standard viral strains; B. Positive CSF samples; C. Negative CSF samples.
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loaded with 100 μl elution buffer for extracting 
RNA solution by 1 min centrifugation. RNA solu-
tion was stored at -20°C for further use.

Transformation and sequencing of recombi-
nant plasmid

10 μl solution containing target gene fragment 
was incubated on ice, and was mixed with 2 μl 
pBR322 vector, 1 μl T4 DNA ligase and 6 μl liga-
tion buffer for 4°C overnight incubation. On the 
next day, competent cells stored at -80°C were 
thawed on ice, and were mixed with 10 μl liga-
tion products for 30 min iced incubation. Cells 
were transferred to 42°C water-bath (Chang- 
yuan, China) for 90 s, followed by ice incubation 
for 2 min. 1 ml LB (without ampicillin) medium 
was added for 37°C incubation for 60 min. 0.4 
ml mixture was inoculated onto culture dish 
containing LB (with ampicillin) medium. After 
37°C incubation for 12 h, bacterial colony was 
inoculated into 5 ml tube containing 4 ml LB 
medium with ampicillin. The tube was incubat-
ed at 37°C for 12 h. 1 ml bacterial solution was 
then extracted for plasmid DNA and sequenced 
by BGI (China). DNA star sequence analysis 
software was used to align sequences.

Results

Fluorescent RT-PCR using universal primers

We used fluorescent RT-PCR to test standard 
viral strains of EV (including COXB3, ECHO30 
and EV71) using universal primers for amp- 
lification. CT value of the amplification curve 
was about 22, showing single curve (Figure 
1A). We further tested CSF samples from 94 
aseptic encephalitis (meningitis) and 37 control 
children using universal primers. Amplification 
curves of positive samples were shown in 
Figure 1B. 69 out of 94 patients were positive 
for EV RNA by fluorescent RT-PCR, making posi-
tive rate at 73.4%. In all 37 control samples, 
fluorescent RT-PCR was negative for EV RNA 
(Figure 1C).

Fluorescent RT-PCR using VP1 primers

Universal primer showed 69 out of 94 CSF sam-
ples from aseptic encephalitis (meningitis) chil-
dren were positive for EV RNA. We then geno-
typed those 69 samples regarding VP1 seg- 
ment. Fluorescent RT-PCR amplification curve 
was shown in Figure 2. Results showed a total 

Figure 2. Fluorescent RT-PCR amplification curves by VP1 primer. A. Positive CSF samples; B. Negative CSF samples.

Figure 3. Fluorescent RT-PCR amplification curve by VP4 primers. A. Positive CSF samples; B. Negative CSF samples.
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of 58 positive (CT value less than 30) samples, 
making the positive rate at 84.1%.

Fluorescent RT-PCR results by VP4 primers

VP4 segment genotyping was performed in 69 
positive samples with EV RNA. Fluorescent 
RT-PCR amplification curve of target genes 
were shown in Figure 3. There were 53 cases 
with RT-PCR positive (Ct values less than 30), 
making the positive rate at 76.8%.

Comparison between VP1 and VP4 typing

In all 69 cases with positive EV RNA expression 
in CSF, there were 58 VP1 positive samples and 
53 VP4 positive samples. No significant differ-
ence existed between two typing methods 
(χ2=1.151, P=0.283, Table 2). We then com-
bined VP1 and VP4 typing, and found 63 posi-
tive cases (with either of VP1 or VP4 positive). 
Comparing to single typing of VP1 and VP4, 
there was significant difference of positive rate 
(χ2=8.27, P=0.016).

Sequence results of genotypes

We sequenced 47 samples with dual positive in 
VP1 and VP4 typing. Results were aligned in 
parallel with sequence generated by DNA star 
sequence analyzing software. We found over 
96% homology of sequence in 47 positive sam-
ples against EV standard strains (Table 3).

Discussion

EV is one common pathogen in humans and 
can lead to various diseases [13]. Epidemiology 
survey showed worldwide distribution of EV 
infection, with high incidence, morbidity and 
mortality, thus severely affecting the public 
health [14, 15]. EV infection can affect multiple 
tissues/organs, especially in central nervous 
system such as encephalitis or meningitis [16, 
17]. Obserste et al generated genotyping ap- 
proach of EV based on VP1 gene sequence by 
VP1 genotyping [18]. VP4 protein resides inside 
the capsid, and has 207nt length, which en- 
sures the stability of EV gene sequence [19]. 
Some studies found different viral gene struc-
tures and pathogenic ability across different EV 
serotypes, plus variations of clinical symptoms 
in patients, suggesting the implication of EV 
typing in both diagnosis and treatment of EV 
infection [20]. However, classical method had 
difficulty regarding pathogen diagnosis of virus, 
plus the inability to determine certain viral 
strains, thus severely impeding diagnosis and 
treatment of EV infection. Recently, with the 
wide application of fluorescent RT-PCR, the 
long-time consuming of pathogen diagnosis 
has been resolved. Based on this, we proposed 
to investigate the application of fluorescent 
RT-PCR in genotyping EV, and its clinical impli-
cation in typing of EV gene from CSF in children 
with CNS infection.

Experimental results showed that fluorescent 
RT-PCR approach can rapidly identify EV. Using 
universal primers in standard viral strains, 94 
cases of aseptic encephalitis (meningitis) CSF 
samples and 37 negative control samples, it 
was found that single amplification curve 
occurred in positive controlled standard viral 
strains without specific amplification, no ampli-
fication curve in all 37 negative control sam-
ples, and amplification curves in 69 out of 94 
CSF samples with aseptic encephalitis (menin-
gitis), making the positive rate of EV RNA at 
73.4% as consistent with previous study [21]. 
Study showed that universal primers had better 
specificity in fluorescent RT-PCR amplification, 
further suggesting that EV is the major patho-
gen for aseptic encephalitis or meningitis in 
children. We further amplify 69 CSF samples 
that were positive for universal primers using 
sub-typing primers. Results showed that 58 (or 
53) out of 69 samples were positive for VP1 (or 

Table 2. VP1 and VP4 typing results
Group Positive Negative Statistics
VP1 58 11 χ2=1.151, P=0.283
VP4 53 16
VP1+VP4 65 4 χ2=8.271, P=0.016

Table 3. Homology between clinical and stan-
dard strains of EV
Sample size EV standard strain Sequence homology
6 COX A7 97%
12 COX A9 97%
7 COX A11 99%
9 COX B3 98%
6 COX B5 96%
5 ECHO 12 98%
2 ECHO 30 96%



Genotyping of enterovirus infection

528 Int J Clin Exp Pathol 2017;10(1):523-529

VP4) segment gene. There was no significant 
difference between two types of genotyping 
approaches (χ2=1.151, P=0.283). Combined 
assay of VP1 and VP4 found 65 positive cases, 
with significant difference compared to other 
two typing methods (χ2=8.27, P=0.016). These 
results suggested that both VP1 and VP4 could 
genotype EV with satisfactory efficiency, with 
improved efficiency by combined assay. By 
sequencing of VP1 and VP4 positive products, 
and sequence alignment by DNA star software, 
we found positive sequence in all 47 CSF sam-
ples, which had more than 96% homology 
against EV standard viral strains. These results 
indicated that the genotyping of VP1 and VP4 in 
conjunction with sequence alignment with EV 
standard strain, may benefit typing of EV.

In summary, fluorescent RT-PCR can rapidly 
identify EV in CSF samples of aseptic encepha-
litis (or meningitis) children. Sequencing of VP1 
or VP4 can achieve genotyping of EV pathogen, 
while combined assay of VP1 and VP4 can 
expand positive amplification rate. These geno-
typing data suggested that, in the sub-typing of 
EV pathogen, one can perform VP1 genotyping 
first, followed by VP4 genotyping in negative 
samples, in order to improve the positive rate 
of EV pathogen.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Hua Guo, Depart- 
ment of Pediatrics, Dongying Municipal People’s 
Hospital, 317 South Road I, Dongying 257000, 
Shandong, China. Tel: +86-13780756848; Fax: +86- 
546-8038131; E-mail: guohuavy@126.com

References

[1] Ang MJ, Lau QY, Ng FM, Then SW, Poulsen A, 
Cheong YK, Ngoh ZX, Tan YW, Peng J, Keller 
TH, Hill J, Chu JJ, Brian Chia CS. Peptidomimet-
ic ethyl propenoate covalent inhibitors of the 
enterovirus 71 3C protease: a P2-P4 study. J 
Enzyme Inhib Med Chem 2016; 31: 332-9.

[2] Pourianfar HR, Kirk K and Grollo L. Initial evi-
dence on differences among Enterovirus 71, 
Coxsackievirus A16 and Coxsackievirus B4 in 
binding to cell surface heparan sulphate. Vi-
rusdisease 2014; 25: 277-84.

[3] Fan P, Li X, Sun S, Su W, An D, Gao F, Kong W, 
Jiang C. Identification of a common epitope be-
tween enterovirus 71 and human MED25 pro-

teins which may explain virus-associated neu-
rological disease. Viruses 2015; 7: 1558-77.

[4] Oermann CM, Schuster JE, Conners GP, New-
land JG, Selvarangan R, Jackson MA. Enterovi-
rus d68. A focused review and clinical high-
lights from the 2014 U.S. Outbreak. Ann Am 
Thorac Soc 2015; 12: 775-81.

[5] Fei D, Zhang H, Diao Q, Jiang L, Wang Q, Zhong 
Y, Fan Z, Ma M. Codon Optimization, Expres-
sion in Escherichia coli, and Immunogenicity of 
Recombinant Chinese Sacbrood Virus (CSBV) 
Structural Proteins VP1, VP2, and VP3. PLoS 
One 2015; 10: e0128486.

[6] Nidaira M, Kuba Y, Saitoh M, Taira K, Maeshiro 
N, Mahoe Y, Kyan H, Takara T, Okano S, Kuda-
ka J, Yoshida H, Oishi K, Kimura H. Molecular 
evolution of VP3, VP1, 3C(pro) and 3D(pol) 
coding regions in coxsackievirus group A type 
24 variant isolates from acute hemorrhagic 
conjunctivitis in 2011 in Okinawa, Japan. Mi-
crobiol Immunol 2014; 58: 227-38.

[7] Hennig T, Abaitua F and O’Hare P. Functional 
analysis of nuclear localization signals in VP1-
2 homologues from all herpesvirus subfami-
lies. J Virol 2014; 88: 5391-405.

[8] Trojnar E, Sachsenröder J, Twardziok S, Reetz 
J, Otto PH, Johne R. Identification of an avian 
group A rotavirus containing a novel VP4 gene 
with a close relationship to those of mammali-
an rotaviruses. J Gen Virol 2013; 94: 136-42.

[9] Liao CC, Liou AT, Chang YS, Wu SY, Chang CS, 
Lee CK, Kung JT, Tu PH, Yu YY, Lin CY, Lin JS, 
Shih C. Immunodeficient mouse models with 
different disease profiles by in vivo infection 
with the same clinical isolate of enterovirus 71. 
J Virol 2014; 88: 12485-99.

[10] Wilen CB, Monaco CL, Hoppe-Bauer J, Jackups 
R Jr, Bucelli RC, Burnham CA. Criteria for re-
ducing unnecessary testing for herpes simplex 
virus, varicella-zoster virus, cytomegalovirus, 
and enterovirus in cerebrospinal fluid samples 
from adults. J Clin Microbiol 2015; 53: 887-95.

[11] Song JH, Choi HJ, Song HH, Hong EH, Lee BR, 
Oh SR, Choi K, Yeo SG, Lee YP, Cho S, Ko HJ. 
Antiviral activity of ginsenosides against cox-
sackievirus B3, enterovirus 71, and human rhi-
novirus 3. J Ginseng Res 2014; 38: 173-9.

[12] Karim MR, Fout GS, Johnson CH, White KM, 
Parshionikar SU. Propidium monoazide re-
verse transcriptase PCR and RT-qPCR for de-
tecting infectious enterovirus and norovirus. J 
Virol Methods 2015; 219: 51-61.

[13] Lyu K, Wang GC, He YL, Han JF, Ye Q, Qin CF, 
Chen R. Crystal structures of enterovirus 71 
(EV71) recombinant virus particles provide in-
sights into vaccine design. J Biol Chem 2015; 
290: 3198-208.

[14] Chen F, Liu T, Li J, Xing Z, Huang S, Wen G. MRI 
characteristics and follow-up findings in pa-

mailto:guohuavy@126.com


Genotyping of enterovirus infection

529 Int J Clin Exp Pathol 2017;10(1):523-529

tients with neurological complications of en-
terovirus 71-related hand, foot, and mouth dis-
ease. Int J Clin Exp Med 2014; 7: 2696-704.

[15] Seo JH, Yeom JS, Youn HS, Han TH, Chung JY. 
Prevalence of human parechovirus and entero-
virus in cerebrospinal fluid samples in children 
in Jinju, Korea. Korean J Pediatr 2015; 58: 
102-7.

[16] Yuan J, Tang X, Yin K, Tian J, Rui K, Ma J, Mao 
C, Chen J, Lu L, Xu H, Wang S. GITRL as a ge-
netic adjuvant enhances enterovirus 71 VP1 
DNA vaccine immunogenicity. Immunol Res 
2015; 62: 81-8.

[17] Lauksund S, Greiner-Tollersrud L, Chang CJ, 
Robertsen B. Infectious pancreatic necrosis 
virus proteins VP2, VP3, VP4 and VP5 antago-
nize IFNa1 promoter activation while VP1 in-
duces IFNa1. Virus Res 2015; 196: 113-21.

[18] Oberste MS, Maher K, Kilpatrick DR, Pallansch 
MA. Molecular evolution of the human entero-
viruses: correlation of serotype with VP1 se-
quence and application to picornavirus classi-
fication. J Virol 1999; 73: 1941-8.

[19] Trinh DQ, Ogawa H, Bui VN, Baatartsogt T, 
Kizito MK, Yamaguchi S, Imai K. Characteriza-
tion of mAbs to chicken anemia virus and epit-
ope mapping on its viral protein, VP1. J Gen 
Virol 2015; 96: 1086-97.

[20] Stewart ME and Roy P. Structure-based identi-
fication of functional residues in the nucleo-
side-2’-O-methylase domain of Bluetongue vi-
rus VP4 capping enzyme. FEBS Open Bio 
2015; 5: 138-46.

[21] Perera D, Shimizu H, Yoshida H, Tu PV, Ishiko 
H, McMinn PC, Cardosa MJ. A comparison of 
the VP1, VP2, and VP4 regions for molecular 
typing of human enteroviruses. J Med Virol 
2010; 82: 649-57.


