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Background: Viral meningitis is an inflammation of the leptomeninges as a manifestation of central nervous system (CNS) infection. 
More than 85% of viral meningitis cases are caused by non-polio enteroviruses. This is the first study on the description of the enteroviruses 
and the related serotypes involved in viral meningitis in Iran.
Objectives: This project was conducted to improve our knowledge about the role of enteroviruses and their circulating serotypes in viral 
meningitis in Iran.
Patients and Methods: Cerebrospinal fluids from 118 children under 13 years old with primary clinical diagnosis of aseptic meningitis 
were collected in Children Medical Center in Tehran and sent to Department of Virology of Pasteur Institute of Iran. To investigate the 
enteroviruses, 5`-noncoding regions were amplified by Real-Time PCR method using Pan-EV primers and a specific probe. Serotype 
identification in enterovirus positive samples was conducted by RT-PCR.
Results: Enterovirus detection rate in all 118 Cerebrospinal fluid specimens was 10.16%. Most patients were 0 - 2 years old (40.67%). Serotyping 
was achieved from 6 specimens with two polio viruses type 1 (vaccine type), two echoviruses 14, one echovirus 5 and one echovirus 30.
Conclusions: Enteroviruses should be considered as the main cause of viral meningitis in Iran. Molecular detections of 5-'NCR and VP1-2A 
RT-PCR with sequence analysis were found to be better than the conventional methods, for direct diagnosis and EVs typing that may lead 
to decrease of the unnecessary hospitalizations.
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Implication for health policy/practice/research/medical education:
This was the first study on detection and typing of enteroviruses in patients with aseptic meningitis that achieved the useful epidemiological results and 
shortened the hospitalization time of young children.
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Published by Kowsar Corp. This is an open-access article distributed under the terms of the Cre-
ative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Aseptic meningitis is a common syndrome with acute 

onset of meningeal inflammation symptoms, fever, and 
pleocytosis of the cerebrospinal fluid (1, 2). Viral and bac-
terial meningitis cannot be differentiated properly. How-
ever examination of cerebrospinal fluid could result in 
excluding bacterial meningitis, and identification of the 
specific viral causes (1, 3, 4). Enteroviruses belong to the 
family of Picornaviridae, non-enveloped, single-stranded 
positive sense RNA viruses, which represent the major 
causes of aseptic meningitis worldwide (4, 5); although, 
most enteroviral infections are subclinical and self-limit-
ed severe illnesses such as meningitis, encephalitis, and 
paralysis, are resulted from the infection of central ner-
vous system (CNS) (5-8).

2. Objectives
Traditional methods of detecting enteroviruses such as 

viral culture are time-consuming, labor-intensive proce-
dures especially for CSF samples (1, 2, 4, 5, 7-9). Enterovirus 
molecular assays are the most sensitive and specific ones 
and the results will be available within several hours of 
specimen collection (10-12). Detection of the 5` non-cod-
ing region of the Enterovirus genome in CSF is the golden 
standard for the diagnosis of Enterovirus infection. Sero-
type identification should be conducted by sequence 
analysis of the amplified VP1 region as the major surface-
neutralization epitopes in the Picornaviridae that corre-
lates with the serotype classification (1, 2, 10). This study 
has been conducted to identify the prevalent serotypes of 
enteroviruses in young children with aseptic meningitis 
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during 2009 - 2010 in Iran.

3. Patients and Methods
Cerebrospinal fluid specimens were collected from 118 

children younger than 13 years of age with clinical suspi-
cion of viral meningitis [fever, vomiting, headache, signs 
of meningeal inflammation, CSF WBC count > 5 × 106/mL, 
and a negative CSF culture for bacterial infection (Tuber-
closis)]. They were negative for tumoral etiology as well. 
None of them were immunocompromised. All patients 
had been diagnosed by the specialists (Pediatrics and/
or infectious disease specialist). Their specimens were 
transported on ice to the virology department of Pasteur 
Institute of Iran and stored at -80°C for further process. 
Complete clinical data were gathered from patients' 
medical records.

3.1. RNA Extraction
Genomic RNA was extracted from 200 µL of CSF sam-

ples and the vaccine vial of Oral Polio Vaccine (OPV) as a 
positive control, by using High-pure viral nucleic acid kit 
(Roche, Germany), according to the manufacturer’s in-
structions. To recover the extracted RNA, it was stored in 
nuclease-free water at -80°C.

3.2. Multiplex Real-Time RT-PCR
Extracted RNA was incubated at 75°C for 5 minutes and 

then was immediately cooled on ice for 3 - 5 minutes. 
cDNA synthesis was carried out in a 20 µL reaction vol-
ume containing 4 µL Revert Aid RT buffer (Fermentas Life 
Science, Lithuania ), 2 µL of 10 mM deoxynucleoside tri-
phosphate mixture (dNTPs) (Fermentas Life Science, Lith-
uania), 0.5 µL of 40 U/µL RNase inhibitor protector (Fer-
mentas Life Science, Lithuania), 1 µL of 200 U/µL RevertAid 
RT (Fermentas Life Science, Lithuania), 0.5 µL Random 
Hexamer primer, 8 µL, and 1 µL of the extracted RNA from 
CFS specimens and the positive control (OPV) respective-
ly. The mixture was incubated at room temperature for 
8 - 10 minutes and then 42°C for 60 minutes.

Afterwards, the tubes were inactivated at 95°C for 10 
minutes. The Taq Man amplification was performed in a 
25 µL reaction volume containing 12.5 µL 2x Premix ExTaq 
(TaKaRa, Japan), 1 µL of 10 pmol/µL primers and Probes 
(EV1; 5’-GGCCCTGAATGCGGCTAAT-3’, EV2; 5’-GGGATT-
GTCACCATAAGCAGCC-3’, (10), and 0.5 µL of 10 pmol/µL 
Taq Man probes; FAM 5’-AACCGACTACTTTGGGTGTCCGT-
GTTTC-3’ TAMRA, and 3 µL of the cDNA product. To detect 
any probable inhibitor and confirm the quality of extrac-
tion, 3 µL of an eGFP plasmid was added in each sample 
during the process of RNA extraction. The extracted eGFP 
plasmid was diagnosed by using specific primers (eGFP1; 
5’-CTGCTGCCCGACAACCA-3’, eGFP2; 5’-ACCATGTGATC-
GCGCTTCTC-3’), and probe (HEX 5’-CCAGTCCGCCCTGAG-
CAAAGA-3’ BHQ) (11).

3.3. VP1 Amplification and Serotyping
Amplification of the enterovorises VP1 gene can be used 

to distinguish the Enterovirus serotypes. In this study the 
procedure for Nested-PCR amplification of the VP1 gene 
was optimized. cDNA was synthesized as described previ-
ously (12-14). The first PCR was carried out in a 25 μL reac-
tion volume containing 10x PCR Buffer, 10 mM dNTP, 50 
mM MgCl2, 5 U/μL Taq DNA polymerase (Cina Gen, Iran), 
10 pmol of 224 primer: 5´-GCIATGYTIGGIACICAYRT-3´ and 
222 primer: 5´-CICCIGGIGGIAYRWACAT-3´, and 5 μL of 
cDNA as template (12-14). This reaction was amplified in 
a Mastercycler Gradient (Eppendorf, Germany) by using 
the following conditions: initial denaturation at 95°C for 
5 minutes, 45 cycles at 95°C for 50 seconds, 42°C for 50 
seconds and 72°C for 1 minute and 10 seconds, plus a final 
extension step at 72°C for 10 minutes.

Electrophoresis of this first PCR product was run on 1.5% 
agarose gel composed of 0.5 μg/mL of ethidium bromide 
(Cina Gen, Iran), and the 850 base pair (bp) band was ob-
served. Second round of the Nested PCR was performed 
using the following primers: AN 88 (5’-CCAGCACTGACAG-
CAGYNGARAYNGG-3’) and AN89 (5’-TACTGGACCACCTG-
GNGGNAYRWACAT-3’) (12-14), under the following condi-
tions: initial denaturation at 95°C for 5 minutes, 40 cycles 
at 95°C for 45 seconds, 61°C for 45 seconds and 72°C for 45 
seconds, plus a final extension step at 72°C for 7 minutes. 
The final 350 bp PCR product was analyzed by electropho-
resis on 1.5 % agarose gel containing 0.5 μg/mL ethidium 
bromide (Cina Gen, Iran). The VP1 PCR products of each 
isolate were sent to Korea for sequencing. They were puri-
fied by using ABI purification kit and sequenced in both 
directions on an ABI Prism automated sequencer by us-
ing primers AN88 and AN89.

Enteroviruses serotypes were determined by pairwise 
comparison of the partial VP1 sequences to the avail-
able Enterovirus VP1 sequences in GenBank using FASTA 
program. Phylogenetic analysis was carried out to verify 
the typing results. The tree was constructed by neighbor-
joining method using Mega 5 program. The robustness 
of phylogenies constructed with Neighbor was estimated 
by bootstrap analyses with 1000 pseudoreplicate data 
sets that support each node. References and GeneBank ac-
cession numbers for the sequences used in VP1 gene com-
parisons have been depicted in a phylogenic construct.

3.3.1. Nucleotide Sequence Accession Numbers
The sequences reported here were deposited in the Gen-

Bank sequence database under accession numbers as the 
following order: echo 30: JN092125. Two Polioviruses type 
1: JN092124.1, and JN092123.1. Two echo 14: JN092122.1, and 
JN092121.1, and echo 5: N092120.1.

4. Results
Sixty six patients were male (55.93%), and 52 were female 
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(44.06%). Enteroviruses were detected in 12 (eight males, 
four females) out of 118 patients (10.16%). Enteroviral in-
fection shows seasonal distribution. However, there was 
no significant seasonality in this study. The highest EN 
detection rate was in children under two years of age 
(18.75%), without any significant relationship between 
age and EN prevalence. Enterovirus serotyping was 
achieved only in six specimens that may be due to the 

insufficient CSF specimen volume or very low viral load 
in these specimens. The identified EN serotypes consist 
of one Echo 14 (8.3%), two polio enteroviruses type 1 (vac-
cine type) (16.6%), one Echo 30 (8.3%), and two Echo type 5 
(16.6%). Phylogenic analysis showed similarities between 
the VP1 sequence of these isolates with the isolates from 
USA, Congo and Russia, Azerbaijan, Ukraine, Japan, and 
Korea (Figure 1). 

Figure 1. Phylogenetic Analysis of VP1 Gene Nucleotide Sequence of the Human Enteroviruses From Iranian Isolated Strains and the Reference Strains
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The tree was elaborated by the neighbor-joining method using Mega 5. The bootstrap (1000 replicates) supporting each node is indicated. The scale 
bar corresponds to 0.5 substitutions/site. References and GeneBank accession numbers for the sequences used in VP1 gene comprised of; echovirus 5: 
183207680 (Korea), 183207674 (Korea), 186660498 (Korea), 4336237 (USA). Echovirus 14: 4336245 (USA), 73671714 (USA). Echovirus 30: 38456011 (Azerbaijan), 
13661392 (Japan), 38456031 (Ukraine). Poliovirus 1: 7008417 (Russia), 158252111 (Congo). Enteroviruses analyzed in this study are indicated by circle with 
their genotypes.

5. Discussion

Enteroviruses enter the human body usually through 

the oral-fecal route, but can also spread through the respi-
ratory canals (3, 4). Enteroviruses are the major cause of 
aseptic meningitis, accounting for 85% to 95% of all cases 
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in which a pathogen is identified (3-5, 9). The overwhelm-
ing meningitis cases are mostly caused by serotypes of 
coxsackievirus and echovirus. In Iran molecular epidemi-
ologic data about the circulating enteroviruses and their 
role in viral meningitis is poor and results in unnecessary 
hospitalization of children and occurrence of the second-
ary infections (as the nosocomial infections).

 During 2007 - 2008 enteroviruses were detected in 30 
out of 65 children with viral meningitis in south of Iran 
(Shiraz city in Fars province) followed by other viruses 
(46.2%) (15). In another study from south of Iran (Ahvaz 
city in Khuzestan province) enteroviruses were detected 
in 52.63% of CSF specimens (16). There are also other re-
ports from Ahvaz about the frequency of enteroviruses in 
one of the hospitals in Ahvaz and the frequency of Echo 
30 in enteroviral meningitis patients (17, 18). Another 
study showed that the frequency of enteroviruses in vi-
ral meningitis in Tehran is similar to other countries (1, 
2, 4-7). 

Enteroviruses circulate with different patterns in differ-
ent years and regions even inside a country, therefore, it 
is anticipated that different epidemiological reports are 
available (3, 5, 8). Since differentiation of enterovirus se-
rotypes is based on neutralization and the VP1 sequence 
correlates with neutralization type, molecular diagnoses 
of the VP1 region correlates with the serotype and are 
used for differentiation in the clinical laboratories (4, 10-
12). Many studies have shown that enterovirus type B is 
the major cause of viral meningitis (1, 2, 4, 5, 7, 9). In an 
outbreak of viral meningitis in Greece, poliovirus type 1 
(vaccine type), 

Echoviruses types 14 and 30 were detected in 2001 and 
2006, respectively (19). In 2007, echovirus 4 was the pre-
dominant serotype in Greece and other serotypes such as 
echovirus 6, 9, 14, 25, Coxsackie A6, A15, A24 and Coxsackie 
B1 were identified as the circulating serotypes (19). Echo 
virus 30 was the most frequent serotype in Spain in 2006 
(4). 

The serotypes of detected enteroviruses in this study 
were identified using genetic analysis of the VP1 region to 
determine the circulation pattern and the phylogenetic 
relation between isolated enteroviruses from distant 
geographical areas, and the VP1 region was also localized 
within the B cluster (coxsackievirus group B- or echovi-
rus-like genotype). 

Phylogenic analyses of these EN serotypes show simi-
larities between the two isolated polioviruses type 1 in 
this study and the isolates from Congo and Russia. The 
two isolated echo 14 strains are similar to the echovi-
rus 14 strains isolated from USA. There is also a relation 
between the echo 30 isolated in this study and isolates 
from Japan, Azerbaijan and Ukraine. The echo 5 isolate 
is similar to the isolates from Korea and USA. Although, 
the direct genotype of enteroviruses of CSF specimens 
was conducted for the first time in Iran in this study and 

the results of genotype assessments are not comparable 
with previous data from Iran, but these findings provide 
valuable information to improve our knowledge about 
enteroviruses epidemiology, their possible relationship 
with neurological diseases and the need for further stud-
ies in Iran.

Acknowledgements
We wish to thank laboratory staffs of Department of Vi-

rology, Pasteur Institute of Iran for collaborating in this 
research project.

Authors’ Contribution
This study was designed and conducted by Dr. Rahimi, 

Dr. Mamishi, Dr. Sabuni, Dr. Poorakbari, and Dr. Haghi-
ashtiani. Ms. Abdoli provided us with CSF specimens and 
hospital records of each patient. Dr. Sohrabi, Dr. Mosta-
favi, Dr. Azadmanesh, Mrs. Edalat, and Mrs. Motamedi 
Rad contributed to this study by designing the primers, 
manuscript correction, statistical analysis and labora-
tory techniques.

Financial Disclosure
Authors have no financial interests related to the mate-

rial of the manuscript.

Funding/Support
This project was financially supported by Pasteur Insti-

tute of Iran under the project number 469.

References
1.       Hosoya M, Sato M, Honzumi K, Katayose M, Kawasaki Y, Sakuma 

H, et al. Association of nonpolio enteroviral infection in the cen-
tral nervous system of children with febrile seizures. Pediatrics. 
2001;107(1):E12.

2.       Roh EJ, Jin YM, Chung EH, Chang YP, Park WS, Park K, et al. Molecu-
lar identification and clinical features of enteroviral infection in 
children of central Korea: An overview of enteroviral epidemi-
ology between spring 2005 and autumn 2006. Korean J Pediatr. 
2009;52(11):1234.

3.       Kew OM, Mulders MN, Lipskaya GY, da Silva EE, Patlansch MA. Mo-
lecular epidemiology of polioviruses. Semin Virol. 1995;6(6):401–
414.

4.       Cabrerizo M, Echevarria JE, Gonzalez I, de Miguel T, Trallero G. 
Molecular epidemiological study of HEV-B enteroviruses in-
volved in the increase in meningitis cases occurred in Spain dur-
ing 2006. J Med Virol. 2008;80(6):1018–24.

5.       Thoelen I, Lemey P, Van Der Donck I, Beuselinck K, Lindberg AM, 
Van Ranst M. Molecular typing and epidemiology of enterovirus-
es identified from an outbreak of aseptic meningitis in Belgium 
during the summer of 2000. J Med Virol. 2003;70(3):420–9.

6.       Kapusinszky B, Szomor KN, Farkas A, Takacs M, Berencsi G. Detec-
tion of non-polio enteroviruses in Hungary 2000-2008 and mo-
lecular epidemiology of enterovirus 71, coxsackievirus A16, and 
echovirus 30. Virus Genes. 2010;40(2):163–73.

7.       Tsai HP, Huang SW, Wu FL, Kuo PH, Wang SM, Liu CC, et al. An echo-
virus 18-associated outbreak of aseptic meningitis in Taiwan: epi-
demiology and diagnostic and genetic aspects. J Med Microbiol. 
2011;60(Pt 9):1360–5.



Mamishi S et al.

5Jundishapur J Microbiol. 2013;6(9)

8.       Rahimi P, Tabatabaie H, Gouya MM, Mahmudi M, Musavi T, Rad 
KS, et al. Direct identification of non-polio enteroviruses in re-
sidual paralysis cases by analysis of VP1 sequences. J Clin Virol. 
2009;45(2):139–41.

9.       Rakoto-Andrianarivelo M, Rousset D, Razafindratsimandresy R, 
Chevaliez S, Guillot S, Balanant J, et al. High frequency of human 
enterovirus species C circulation in Madagascar. J Clin Microbiol. 
2005;43(1):242–9.

10.       Nix WA, Oberste MS, Pallansch MA. Sensitive, seminested PCR am-
plification of VP1 sequences for direct identification of all entero-
virus serotypes from original clinical specimens. J Clin Microbiol. 
2006;44(8):2698–704.

11.       Corless CE, Guiver M, Borrow R, Edwards-Jones V, Fox AJ, Kaczmar-
ski EB, et al. Development and evaluation of a 'real-time' RT-PCR 
for the detection of enterovirus and parechovirus RNA in CSF 
and throat swab samples. J Med Virol. 2002;67(4):555–62.

12.       Kilpatrick DR, Nottay B, Yang CF, Yang SJ, Da Silva E, Penaranda S, 
et al. Serotype-specific identification of polioviruses by PCR us-
ing primers containing mixed-base or deoxyinosine residues at 
positions of codon degeneracy. J Clin Microbiol. 1998;36(2):352–7.

13.       Kilpatrick DR, Nottay B, Yang CF, Yang SJ, Mulders MN, Holloway 
BP, et al. Group-specific identification of polioviruses by PCR us-
ing primers containing mixed-base or deoxyinosine residue at 
positions of codon degeneracy. J Clin Microbiol. 1996;34(12):2990–

6.
14.       Piqueur MA, Verstrepen WA, Bruynseels P, Mertens AH. Improve-

ment of a real-time RT-PCR assay for the detection of enterovirus 
RNA. Virol J. 2009;6:95.

15.       Hosseininasab A, Alborzi A, Ziyaeyan M, Jamalidoust M, Moeini 
M, Pouladfar G, et al. Viral etiology of aseptic meningitis among 
children in southern Iran. J Med Virol. 2011;83(5):884–8.

16.       Sohrabi A, Samarbafzadeh AR, Makvandi M, Shamsizadeh A, 
Shamsi Shahrabadi M. Epidemiological survey of enteroviral 
meningitis in children younger than 14 years in ahvaz. Iranian 
J Virol. 2007.

17.       Rasti M, Samarbaf Zadeh A, Makvandi M, Shamsi Zadeh A. Rela-
tive Frequency of Enteroviruses in Children With Aseptic Menin-
gitis Referred to Aboozar Hospital in Ahvaz. Jundishapur J Micro-
biol. 2012;2012(3, Summer):456–459.

18.       Rasti M, Samarbaf Zadeh A, Makvandi M, Neisi N, Shamsiza-
deh A. Relative Frequency of Echovirus 30 in Patients Suffering 
From Enterovirus Meningitis in Ahvaz. Jundishapur J Microbiol. 
2013;6(2):in press.

19.       Logotheti M, Pogka V, Horefti E, Papadakos K, Giannaki M, Pan-
galis A, et al. Laboratory investigation and phylogenetic analysis 
of enteroviruses involved in an aseptic meningitis outbreak in 
Greece during the summer of 2007. J Clin Virol. 2009;46(3):270–4.


