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Abstract 

Background: Aseptic meningitis is frequently caused by viral agents, particularly human 

enterovirus. Several methods of Reverse Transcription PCR (RT-PCR) have recently been 

introduced and modified for better diagnosis of enteroviral infection in meningitis. This study aimed 

to determine enteroviruses in patients with suspicion of aseptic meningitis using RT-PCR in the 

West of Iran.  

Methods: In this study, 120 CSF samples were collected from patients hospitalized with the 

suspicion of aseptic meningitis in Imam Reza Hospital of Kermanshah, Iran. RT-PCR was used to 

diagnose enteroviruses. The cDNA recovered from RT-PCR was purified using a DNA purification 

kit and sequenced to confirm viral genome. Sequence data were analyzed for homology using the 

Gen Bank database.  

Results: The samples were collected from 63 (52.5%) men and 57 (47.5%) women with an average 

age of 31.5 ± 29.4 years. Of the samples tested, 4 cases (3.33%) yielded positive results for 

enterovirus. The results of sequence data analysis confirmed all positive cases as Enterovirus type 

71. The biochemical (protein and glucose) and cytological analyses of positive CSF samples showed 

no significant changes.  

Conclusion: According to the results, Enterovirus type 71is one of the common causes of 

enteroviral meningitis in patients in Kermanshah. The RT-PCR technique can rapidly diagnose 

Enterovirus type 71 and help better treatment of the patients and prevent the unnecessary use of 

antibiotics. So, molecular methods can reduce the cost of patients’ treatments and prevent drug 

resistance among bacteria. It can also provide a better picture of enteroviral infection in our region. 
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Introduction 

Aseptic meningitis (AM) is a severe, potentially fatal 

infection of the central nervous system (CNS) which is 

characterized by meningeal inflammation, but it is not 

associated with identifiable bacterial pathogens in the 

cerebrospinal fluid (CSF) (1). Most patients show some 

symptoms and signs such as fever, headache, stiff neck, 

lethargy, anorexia with or without vomiting, diarrhea, sore 

throat and rash (2). AM is frequently caused by viral agents 

particularly human enterovirus (EV) (3). EVs are members of 

the genus Enterovirus in the family Picornaviridae (4). EVs 

are small, non-enveloped with a single strand positive-sense 

RNA and their capsid is made up four structural proteins (VP1 

to VP4) (5). EVs are classified into four species, EV-A, EV- 

B, EV- C, and EV- D (6, 7). More than 90 EV serotypes are 

currently recognized by the International Committee on 

Taxonomy of Virus (ICTV), for example, EV-A (25 

serotypes), EV-B (63 serotypes), EV-C (23 serotypes), and 

EV–D (5 serotypes) (7). Human is the only reservoir for 

human enteroviruses which are transmitted from person to 

person through the fecal-oral route and respiratory droplets 

(1). Enterovirus type 71 (EV71) causes several diseases, 

including: herpangina; myocarditis; hand, foot and mouth 

disease (HFMD); polio-like acute flaccid paralysis (AFP) and 

AM (8). EV71 was first isolated from the stool sample of an 

infant in 1969 in California (9). In the pediatric population, 

EVs are the pathogens associated most commonly with acute 

meningitis worldwide and can also cause sporadic cases, 

outbreaks and epidemics (1, 3). The risk of EV infection is 

mostly associated with poor hygiene, overcrowding, and 

inadequate vaccination (10). Previous studies have shown that 

most of the infections may associate with a single serotype in 

a particular region (2). Therefore, the human EV causing 

meningitis, need to be identified in each area for better 

management of the disease. The cell culture is a gold standard 

for EV identification but this method is time-consuming and 

high cost, therefore, diagnostic tests based on the molecular 

techniques such as RT-PCR have been widely used to identify 

EV in recent years. Since RT-PCR can provide rapid results, 

about 5 to 24 hours after receiving the samples, therefore, it is 

an effective alternative method for viral culture (11, 12). 

This study aimed to determine the prevalence of 

enteroviruses among patients suspected AM using RT-PCR in 

the West of Iran. In the pediatric population, enteroviruses 

(EV) are the most frequent causes of benign aseptic 

meningitis, which require neither treatment, nor extensive 

investigations. 

 

Materials and Methods  

Patients 

In this study, 120 CSF samples were collected from AM 

patients hospitalized in Imam Reza Hospital of Kermanshah, 

Iran, during 2012-2013. All samples were negative by Gram 

stain and bacterial culture for common bacterial pathogens.  

 

RNA Extraction 

One hundred micro-litters (μL) of CSF samples were used 

for RNA extraction by Cinna Pure RNA viral kit (SinaClon 

Co., Iran) according to manufacturer’s instructions. Extracted 

RNA was kept at -70°C until PCR testing. 

 

RT-PCR 

Enteroviruses RNA was detected by 2-steps RT-PCR Kit 

(Vivantis, Malaysia). Briefly, 5 µl of the extracted CSF RNA 
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with Primer Mixture (1 µl of oligo (dT)18, 1 µl of dNTP mix 

(10 mM) and top up to 10µl of Water) were incubated at 65°C 

for 5 minutes and chilled on ice for 2 min followed by 

spinning down the mixture. The cDNA synthesis mix was 

prepared in the following order, 2µl of 10X Buffer M-MuLV, 

100 units of M-MuLV Reverrse transcriptase and top up to 

10µl of Water. 10 µl of the prepared cDNA Mix was added 

into each RNA-primer mixture and incubated at 37°C for 60 

min. The reaction was terminated by incubation of the tubes at 

85°C for 5 min and chilling the tubes on ice followed by brief 

centrifugation of the tubes. Finally, 2µl of the mixture was 

used as template for PCR reactions. PCR reaction for viruses 

was prepared in a final volume of 25 μl containing 12.5 μl of 

Master Mix Ampliqon III (Ampliqon, Denmark), 1 μl of each 

primers 224 and 222 (12) (Table 1), 5.5 μl of H2O and 5 μl of 

cDNA. PCR program was set as follows: 1 cycle at 95oC for 6 

min, followed by 40 cycles at 95oC for 30 sec, 42oC for 30 sec 

and 60oC for 45 sec in the BioRad Thermocycler C1000 

(USA). A final extension was performed at 72oC for 2 min 

and 2 μl of PCR product was added into 23 μl PCR reaction 

containing 12.5 μl of Master Mix Ampliqon III (Ampliqon, 

Denmark), 1 μl of each primers AN88 and AN89 (12) (Table 

1), and 8.5 μl of H2O. PCR program was set as follows: 95°C 

for 6 min prior to 40 cycles of amplification at 95°C for 30 

sec, at 50°C for 20 sec, and at 72°C for 15 sec. Primers were 

synthesized by SinaClon company (Tehran, Iran). PCR 

products were detected by 1.5 % agarose gel electrophoresis, 

and gels were visualized using Gel Doc (BioRad, USA) after 

staining with safe stain (SinaClon Co., Iran). The approved 

RNA of enteroviruses, used as a positive control, was kindly 

provided by the Virology Department of Tehran University of 

Medical Sciences (TUMS). The characteristics of primers 

developed in this study, are presented in Table 1. 

 

Table 1. The characteristics of primers. 

Number of Bases Sequences 5'-3' Primer Name 

20 GCIATGYTIGGIACICAYRT 224 

19 CICCIGGIGGIAYRWACAT 222 

27 TACTGGACCACCTGGNGGNAYRWACAT AN88 

26 CCAGCACTGACAGCAGYNGARAYNGG AN89 

 

Sequence and data analysis 

PCR products for enteroviruses were purified using a 

DNA purification kit (SinaClon Co., Iran) and sequenced. 

DNA samples were sequenced using ABI 3730XL DNA 

analyzer. Sequence data were analyzed for homology using 

the National Center for Biotechnology Information GenBank 

database (http://www.ncbi.nlm.nih.gov/).  

 

 

Statistical Methods 

In this study, all collected data were analyzed using SPSS 

version 21 (SPSS Inc, IL, USA), and correlation between data 

groups was assessed using chi-square and t-test.  

Results 

The CSF samples were taken from 47 children (mean 

age= 1.86 years; age range: 1 day to 11 years) and 73 adults 

(mean age= 49.76 years) with AM who were hospitalized in 

Imam Reza Hospital of Kermanshah, Iran. The samples were 

http://www.ncbi.nlm.nih.gov/
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63 (52.5%) men and 57 (47.5%) women with an average age 

of 25.8 ± 29.4 years. Of the samples tested, 4 (3.33%) cases 

were positive for EV (Figure 1), which all of them were 

confirmed as EV71 by sequencing (Table 2 and Figure 2). 

The biochemical (protein and glucose) and cytological 

analysis of positive CSF samples are presented in Table 2. 

 

 

 

 

 

 

 

 

 

 

Figure 1. PCR of CSF cases; Line1: Ladder 100 bp, Line 2: Positive Control, Line 3-6: Positive Samples,  

Line7: Negative Sample, and Line 8: Negative Control. 

 

 

 

 

 

 

 

Figure 2. A part of the sequence results of Enterovirus type 71. 

 

Table 2. The characteristics of positive CSF cases. 

Virus Sex Age Protein mg/dl Glucose mg/dl WBC RBC Season 

Enterovirus type 71 

Male 7 months 18 72 42 20 Winter 

Female 27 years 20 87 0 130 Fall 

Female 5 days 30 28 52 20 Winter 

Male 40 years 27 91 0 0 Fall 
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Four cases of viral meningitis were two males and two 

females aged 5 days to 40 years with an average age of 16.7± 

20.0 years. There was no significant relationship between two 

genders (P>0.05). There was also no significant difference in 

CSF protein or glucose levels between positive and negative 

samples (Table 3). All four positive cases occurred in winter 

and fall. More detailed characteristics of the positive and 

negative cases are presented in Table 3. 

Table 3. The comparison of average characteristics in positive and negative cases.

PCR 

Results 
Age (year) 

Protein 

mg/dl 

Glucose 

mg/dl 

WBC 

Count 

RBC 

count 

Number of 

Samples 

Negative 25.8±29.4 28±12 63±27 7±21 424±1190 116 

Positive 1±16.7±20.0 23±5 69±28 23±27 42±59 4 

P-value 0.324 0.562 0.353 0.310 0.952 - 
 

 

Discussion 

Rapid diagnosis of viral meningitis is a crucial phase for 

patient management. The clinical features of AM caused by 

EV are similar to bacterial meningitis, and consequently, 

unnecessary diagnostic tests and antibiotics may be used for 

patients with viral meningitis (13). The detection of EV 

sporadic cases is essential in order to understand the 

epidemiology of infection (13, 14), surveillance for the 

emergence of new virus types or possible changes in virulence 

of the virus in circulation (14). As a result, rapid and accurate 

diagnosis of EV meningitis can result in the better patient 

management and reduction of health care costs (7). 

More than 90% of viral meningitis are caused by 

enterovirus and it is the leading cause of AM / encephalitis in 

children, but is much less common in adults (15, 16). Since 

1997, the several outbreaks of EV71 have been reported 

among children in some parts of Asia-Pacific countries(17). 

The first outbreak was detected in Kuwait and then in Taiwan 

(1998), West Australia (1999) and Singapore (1, 15, 18, 19). 

In a study in Vietnam, the enterovirus was detected by RT-

PCR in the CSF samples with the rates of 8% and 10% for 

adults and children, respectively (20). In the present study, 

positive samples were EV71 indicating the importance of this 

virus in developing AM in Kermanshah, Iran. Several studies 

have shown that Enteroviruses is a common cause of AM. For 

example, Kupila et al. in Finland (2006), reported that 

Enteroviruses were the major causative agents (26%) of AM 

(21). The prevalence of enterovirus infections in different 

countries has been reported with varying rates, from 4.9% to 

91% with the average of 29% (2, 3, 10, 12, 22). This variation 

can be due to several reasons such as age, number of patients, 

sampling method, sample storage and transport, type of 

disease, molecular methods and seasonal prevalence. 

Accordingly, several studies in Iran, have reported various 

rates of EV meningitis. For example, in a study in Tehran 

(2013) on CSF samples of 118 children under 13 years, the 

rate of EV was 10.16%, which is higher than that reported in 

the results of this study (23). Also, Roohandeh et al. 

(performed a study in Tehran and detected EV71 in 14% of 

the patients and demonstrated the seasonal peaks of this virus 

during autumn and winter (24). In a study by Hosseininasab et 

al. (2011) in Shiraz, the prevalence of AM by enterovirus 

infection in children was estimated 43.3% (25). In another 

research in Ahvaz (2002), the prevalence of EV infection in 

AM was reported 59.6% (2). The former results indicate that 

some factors such as outbreak and the specific age groups 
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(children) may cause this difference among the results of 

studies in Iran. Studies in Korea and Turkey (2003) have 

reported the rates of 7.5% and 4.9% for EV meningitis, which 

are similar to the results of the present study (26, 27). 

However, some studies on CSF samples have reported 

relatively higher rates for EV meningitis. For examples, 

studies in India and France reported the rates of 11 to 14.7% 

for this infection. In these studies, the patients were totally 

children, which may explain the reasons of higher rates in 

these studies (15, 28).  

EV71 is transmitted from person to person by fecal-oral 

route and direct contact with nose and throat secretions or 

sometimes by vertical transmission of the infection (perinatal 

infection) (22). EV71 has caused several epidemics in 

different parts of the World as well as outbreaks in Asiaian 

countries (8). Also it has been reported with high rates among 

children in South-East Asia (29), which is consistent with the 

results of this study because two of the patients included in this 

study were children, one aged less than 1 year and another 

was a newborn baby. In most studies, the EV outbreaks has 

been reported in summer and autumn (1, 3, 7, 30). However, 

some research has reported outbreaks of enterovirus in cold 

seasons (31). In this study, all positive cases occurred in winter 

and fall, which is statistically significant (P=0.01). Since 

Kermanshah is a mountainous region with relatively warm 

and dry summer and cold winter, the results of this study may 

be reasonable.  

However, there were some limitations in this study. First, 

the long-term storage of samples in freezer with multiple 

freeze-thaw cycles may damage the enterovirus RNA. 

Second, the presence of PCR inhibitors in the CSF samples 

may affect the results. Third, instead of children, CSF samples 

of patients with a wide range of age were used in this study, so 

a lower rate of enterovirus infection can be expected.  

The results of this study and previous studies have shown 

that PCR could be routinely performed to evaluate specimens 

from patients with meningitis syndrome whose initial CSF 

examination does not allow a differentiation between bacterial 

and viral meningitis. 

 

Conclusion 

According to the results, EV71 is one of the common 

causes of enterovirus meningitis in patients in Kermanshah. 

Using RT-PCR technique in diagnostic laboratories, 

enteroviral meningitis can be rapidly diagnosed. This can 

improve the management of patients and prevent the 

unnecessary use of antibiotics. Therefore, using molecular 

methods may reduce the cost of patients’ treatments and 

prevent drug resistance among bacteria. 

 

Acknowledgments 

The authors would like to appreciate all medical 

microbiology laboratory staff in the Faculty of Medicine, 

Kermanshah University of Medical sciences, Kermanshah, 

Iran, who helped us to perform this study. This study was 

funded by the Research Deputy of Kermanshah University of 

Medical Sciences (KUMS), Kermanshah, Iran. 

 

 

 



Enterovirus Detection in Aseptic Meningitis Patients in Iran Akya et al 

24 

References 

1. Dalwai A, Ahmad S, Al-Nakib W. Echo 

viruses are a major cause of aseptic meningitis 

in infants and young children in Kuwait. 

Virology journal. 2010(7):236. 

2. Rasti M, Samarbaf-Zadeh AR, Makvandi M, 

Shamsi-Zadeh A. Relative Frequency of 

Enteroviruses in Children With Aseptic 

Meningitis Referred to Aboozar Hospital in 

Ahvaz Jundishapur. Jundishapur J Microbiol. 

2012; 5(3):456-9. 

3. Brunel D, Leveque N, Jacques J, Renois F, 

Motte J, Andreoletti L. Clinical and virological 

features of an aseptic meningitis outbreak in 

North-Eastern France, 2005. Journal of clinical 

virology : the official publication of the Pan 

American Society for Clinical Virology. 2008; 

42(2):225-8. 

4. Sadeuh-Mba SA, Bessaud M, Massenet D, 

Joffret ML, Endegue MC, Njouom R, et al. 

High frequency and diversity of species C 

enteroviruses in Cameroon and neighboring 

countries. Journal of clinical microbiology. 

2013; 51(3):759-70. 

5. Simmonds P, Welch J. Frequency and 

Dynamics of Recombination within Different 

Species of Human Enteroviruses. J Virol. 

2006; 80(1):483-93. 

6. Dierssen U, Rehren F, Henke-Gendo C, Harste 

G, Heim A. Rapid routine detection of 

enterovirus RNA in cerebrospinal fluid by a 

one-step real-time RT-PCR assay. J Clin Virol. 

2008; 42:58-64. 

7. Hyeon JY, Hwang S, Kim H, Song J, Ahn J, 

Kang B, et al. Accuracy of diagnostic methods 

and surveillance sensitivity for human 

enterovirus, South Korea, 1999-2011. 

Emerging infectious diseases. 2013; 

19(8):1268-75. 

8. Tong CYW, Bible JM. Global epidemiology of 

enterovirus 71. Future Virology 2009; 

4(5):501-10. 

9. Perez-Velez CM, Anderson MS, Robinson CC, 

McFarland EJ, Nix WA, Pallansch MA, et al. 

Outbreak of neurologic enterovirus type 71 

disease: a diagnostic challenge. Clinical 

infectious diseases : an official publication of 

the Infectious Diseases Society of America. 

2007; 45(8):950-7. 

10. Kargar M, Sadeghipour S, Nategh R. 

Environmental surveillance of Non-Polio 

Enteroviruses in Iran. Virology journal. 2009; 

6:149. 

11. Archimbaud C, Chambon M, Bailly JL, Petit I, 

Henquell C, Mirand A, et al. Impact of rapid 

enterovirus molecular diagnosis on the 

management of infants, children, and adults 

with aseptic meningitis. Journal of medical 

virology. 2009; 81(1):42-8. 

12. Allan Nix W, Steven Oberste M, Pallansch 

MA. Sensitive, Seminested PCR Amplification 

of VP1 Sequences for Direct Identification of 

All Enterovirus Serotypes from Original 

Clinical Specimens. Journal of clinical 

microbiology. 2006; 44(8):2698-704. 

13. Martinez Planas A, Munoz Almagro C, Luaces 

Cubells C, Noguera Julian A, Selva L, 

Fernandez JP, et al. Low prevalence of 

invasive bacterial infection in febrile infants 

under 3 months of age with enterovirus 

infection. Clinical microbiology and infection : 

the official publication of the European Society 

of Clinical Microbiology and Infectious 

Diseases. 2012; 18(9):856-61. 



Journal of Kerman University of Medical Sciences 2018, Vol. 25, Issue 1 

25 

14. Van Loon AM, Cleator GC, Ras A. External 

quality assessment of enterovirus detection and 

typing. European Union Concerted Action on 

Virus Meningitis and Encephalitis. Bulletin of 

the World Health Organization. 1999; 

77(3):217-23. 

15. Giri A, Arjyal A, Koirala S, Karkey A, Dongol 

S, Thapa SD, et al. Aetiologies of central 

nervous system infections in adults in 

Kathmandu, Nepal: a prospective hospital-

based study. Scientific reports. 2013; 3:2382. 

16. Meqdam MM, Khalousi MM, Al-Shurman A. 

Enteroviral meningitis in Northern Jordan: 

prevalence and association with clinical 

findings. Journal of medical virology. 2002; 

66(2):224-8. 

17. Racaniello VR. Picornaviridae: the viruses and 

their replication 2001. 

18. McMinn PC. An overview of the evolution of 

enterovirus 71 and its clinical and public health 

significance. FEMS microbiology reviews. 

2002; 26(1):91-107. 

19. Perera D, Podin Y, Akin W, Tan CS, Cardosa 

MJ. Incorrect identification of recent Asian 

strains of Coxsackievirus A16 as human 

enterovirus 71: improved primers for the 

specific detection of human enterovirus 71 by 

RT PCR. BMC infectious diseases. 2004; 4:11. 

20. Ho Dang Trung N, Le Thi Phuong T, Wolbers 

M, Nguyen Van Minh H, Nguyen Thanh V, 

Pham Van M, et al. A etiologies of central 

nervous system infection in Viet Nam: a 

prospect ive provincial hospital-based 

descriptive surveilla nce study. PLoS One 7. 

2012; 7(5):e37825. 

21. Kupila L, Vuorinen T, Vainionpaa R, 

Hukkanen V, Marttila RJ, Kotilainen P. 

Etiology of aseptic meningitis and encephalitis 

in an adult population. Neurology. 2006; 

66(1):75-80. 

22. Verboon-Maciolek MA, Nijhuis M, van Loon 

AM, van Maarssenveen N, van Wieringen H, 

Pekelharing-Berghuis MA, et al. Diagnosis of 

enterovirus infection in the first 2 months of 

life by real-time polymerase chain reaction. 

Clinical infectious diseases : an official 

publication of the Infectious Diseases Society 

of America. 2003; 37(1):1-6. 

23. Mamishi S, Rahimi P, Sohrabi A, Sabuni F, 

Edalat R, Mostafavi E, et al. Direct Serotyping 

of Enteroviruses in Cerebrospinal Fluid of 

Children With Aseptic Meningitis. Jundishapur 

J Microbiol. 2013 6(9):e7852. 

24. Roohandeh A, Rahimi P, Sohrabi A, 

Mobasheri M, Azadmanesh K, Shahosseini Z, 

et al. Frequency of human enterovirus 71 in 

children under 8 years old with aseptic 

menengitis in Tehran. Clinical laboratory. 

2013;59(7-8):915-20. 

25. Hosseininasab A, Alborzi A, Ziyaeyan M, 

Jamalidoust M, Moeini M, Pouladfar G, et al. 

Viral etiology of aseptic meningitis among 

children in southern Iran. Journal of medical 

virology. 2011;83(5):884-8. 

26. Seo JH, Yeom JS, Youn HS, Han TH, Chung 

JY. Prevalence of human parechovirus and 

enterovirus in cerebrospinal fluid samples in 

children in Jinju, Korea. Korean journal of 

pediatrics. 2015; 58(3):102-7. 

27. Vuorinen T, Vainionpaa R, Hyypia T. Five 

years' experience of reverse-transcriptase 

polymerase chain reaction in daily diagnosis of 

enterovirus and rhinovirus infections. Clinical 

infectious diseases : an official publication of 

the Infectious Diseases Society of America. 

2003; 37(3):452-5. 



Enterovirus Detection in Aseptic Meningitis Patients in Iran Akya et al 

26 

28. Antona D, Leveque N, Chomel JJ, Dubrou S, 

Levy-Bruhl D, Lina B. Surveillance of 

enteroviruses in France, 2000-2004. European 

journal of clinical microbiology & infectious 

diseases : official publication of the European 

Society of Clinical Microbiology. 2007; 

26(6):403-12. 

29. Rice P. Viral meningitis and encephalitis. 

Elsevier Ltd. 2013; 41(12):678-82. 

30. Kim HJ, Kang B, Hwang S, Hong J, Kim K, 

Cheon DS. Epidemics of viral meningitis 

caused by echovirus 6 and 30 in Korea in 2008. 

Virology journal. 2012; 9:38. 

31. Menasalvas-Ruiz AI, Salvador-Garcia C, 

Moreno-Docon A, Alfayate-Miguelez S, Perez 

Canovas C, Sanchez-Solis M. Enterovirus 

reverse transcriptase polymerase chain reaction 

assay in cerebrospinal fluid: An essential tool 

in meningitis management in childhood. 

Enferm Infecc Microbiol Clin. 2013; 31(2):71-

5. 

 

 


