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Abstract

Objectives: The current study aimed to evaluate the causative agents of viral meningitis through real-time PCR among children
with aseptic meningitis.
Methods: Children aged 1 month to 16 years with suspected viral meningitis were enrolled in this study (March 2014-February 2015).
Cerebrospinal fluid samples were analyzed by real-time PCR for detection of enterovirus, mumps, measles, adenovirus, EBV, CMV,
VZV, hhv 6, and rubella viruses. Demographic information, laboratory data, and clinical presentations of patients were also col-
lected.
Results: Of 56 patients suspected to viral meningitis, 21 (38.9 %) had a positive PCR result. Enterovirus (42.85%) and mumps (38.1%)
were the most prevalent viruses, and VZV and measles were not detected. Three children were coinfected with enterovirus/hhv6,
enterovirus/EBV, and mump/adenovirus. Fever, headache, and nausea/vomiting were the most common symptoms in children. The
rates of symptoms were not statistically significant among children with positive and negative PCR tests.
Conclusions: In the present study Enterovirus and mumps viruses were the most common causes of viral meningitis in children.
PCR, as a rapid test for the diagnosis of viral meningitis, can be used to decrease hospitalization length.
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1. Background

Aseptic meningitis is the inflammation of the brain
meninges in patients whose cerebrospinal fluid (CSF) cul-
ture is negative, which viruses are the most common cause
(1). Viral meningitis (VM) mostly occurs in children (2, 3).
Although many cases of VM are thought to go unreported
(4), the reported incidence of VM in developed countries
with precise diagnostic workup, was about 50% of all cases
of meningitis (5). Most VM cases are caused by Epstein-Barr
virus (EBV), herpes simplex viruses (HSV), varicella-zoster
viruses (VZV), cytomegaloviruses (CMV), and enteroviruses
(5). Currently, enteroviruses are much more common
than other viruses, due to the widespread use of mumps,
measles, and rubella (MMR) vaccine (6).

Hallmark symptoms of VM include fever, headache,
stiff neck, lethargy, anorexia, vomiting, diarrhea, sore
throat, and rash (7). In infants and young children, clini-
cal manifestations may vary with age or depending on in-

fectious agents and immune status (8). Thereby, symptoms
are not reliable indicators to distinguish different types of
meningitis. The laboratory approaches available for the
diagnosis of VM comprise CSF viral culture, direct fluo-
rescent antibody (DFA), and molecular methods (9). The
polymerase chain reaction (PCR) is a fast method to detect
viruses in the CSF (9, 10), which was approximately 3 to
1000 folds more sensitive than viral culture (10). Although
there is no satisfactory comparing method for assessing
the PCR accuracy, the efficiency of PCR has been confirmed
in different studies (11-13).

Patients with VM often receive antimicrobial therapy
before culture results would be available, while only sup-
portive care is needed, and the majority of patients im-
prove spontaneously (4). Therefore, the prompt diagnosis
of VM can prevent or reduce the inappropriate empirical
antibiotics use and decrease the length of hospital stay.
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2. Objectives

The present study aimed to identify the etiological
pathogens causing VM in our geographical area using the
real-time PCR method in the CSF of children suspected to
viral meningitis.

3. Methods

3.1. Study Design

This prospective, cross-sectional study was conducted
on children aged between 1 month and 16 years of age ad-
mitted to pediatric wards at Nemazee Hospital with the im-
pression of meningitis from March 2014 to February 2015.
Nemazee Hospital is a tertiary teaching hospital with more
than 50 wards and 900 beds, affiliated to the Shiraz Univer-
sity of Medical Sciences (SUMS) that is also a referral center
for the south of Iran. Ethical approval for this study was ob-
tained from the SUMS, Shiraz, Iran.

Children with at least one of the following criteria
received lumbar puncture (LP): (A) Fever with signs of
meningeal irritation, bulging fontanelles, unexplained ir-
ritability, persistent nausea, and vomiting or petechial
rash or purpura; (B) unexplained alteration of conscious-
ness with or without fever; (C) fever without localizing
signs in an ill or toxic child; (D) first febrile seizure in chil-
dren under 12 - 18 months of age, and (E) complex febrile
seizure.

LP was performed by an experienced pediatric resident
or fellowship. CSF samples were sent to Professor Alborzi
Clinical Microbiology Research Center, affiliated to SUMS
for analysis. Before performing LP, written informed con-
sent was obtained from the children’s parents.

Inclusion criteria were as follows: patients who under-
went LP, those with CSF pleocytosis (≥ 5/mL), negative CSF
Gram stain, latex agglutination test, and culture.

Exclusion criteria Were as Follows: Partially treated
meningitis (received one or more doses of antibiotics be-
fore admission to the hospital), aseptic meningitis associ-
ated with other conditions such as the Kawasaki disease
or any form of vasculitis, children without CSF pleocytosis,
and patients aged less than one month and more than 18
years.

Demographic characteristics of patients, the presence
of prodromal symptoms, and other laboratory data, in-
cluding white blood cell (WBC) count, absolute neutrophil
count (ANC), and protein and sugar concentration in the
CSF, were also recorded.

3.2. PCR

The CSF samples were collected from eligible patients
for real-time PCR analysis. High Pure Viral RNA Kit (Roche
Applied Sciences, US) was used for viral RNA extraction, and
High Pure Viral Nucleic Acid Kit (Roche Applied Sciences,
US) was used for DNA extraction from 200 µL of CSF sam-
ple according to the manufacturer instruction. CSF spec-
imens were analyzed for the presence of viruses through
TaqMan real-time PCR assay. Standard assay kits were pur-
chased from PrimerDesign, UK, and used for detecting en-
terovirus, mumps, measles, adenovirus, EBV, CMV, VZV, hhv
6, and rubella viruses. The lyophilized assay stocks in
all kits were rehydrated according to the manufacturer’s
instruction to create a serial dilution from 1 × 105 - 10
copies/reaction. Two master mixes, including 2x one-step
Master Mix (Applied Biosystems, US) and Gene Expression
Master Mix (Applied Biosystems, US) were applied to am-
plify RNA and DNA viruses, respectively. 5 µL of each pu-
rified DNA and RNA extracts were used as a template in a
separate qRT-PCR reaction.

Real-time PCR was performed on a 7500 real-time PCR
system (Applied Biosystems, US). The thermal cycling con-
ditions for RNA viruses were: 50°C for 30 min, 95°C for 10
min, and 50 cycles of 95°C for 10 s and 60°C for 1 min and
thermal cycling steps for DNA viruses were: 50°C for 2 min,
95°C for 10 min, and 40 cycles of 95°C for 15 s and 60°C for
1 min.

3.3. Statistical Analysis

The data were analyzed using SPSS version 21.0 (SPSS
Inc., Chicago, IL, USA). The chi-square test and Fisher’s ex-
act test were used for analyzing categorical variables. The
Mann-Whitney U-test was used for comparison of continu-
ous variables. A P-value of ≤ 0.05 was considered statisti-
cally significant.

4. Results

During a one-year study period, 54 patients suspected
to aseptic meningitis were enrolled in the present study
(34 (63%) males and 20 (37%) females). The mean age of chil-
dren was 42.7 ± 56.3 months (range: 1 - 190 months). The
seasonal peak for aseptic meningitis occurred in summer
with 21 (38.9 %) cases (Figure 1).

Of 54 CSF samples tested by real-time PCR, 21 (38.9 %)
were positive, that 11 (52.4%) were male. Enterovirus (9 or
42.85%) and mumps (8 or 38.1%) were the most frequent vi-
ral pathogens, and VZV and measles were not found in our
patients (Table 1). Three of these patients were infected
with two different types of viruses (adenovirus-mumps,
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Figure 1. The seasonal distribution of aseptic meningitis

enterovirus-hhv-6, and enterovirus-EBV). The seasonal dis-
tribution of each virus is shown in Figure 2. The length of
hospital stay for children with positive and negative PCR
results were 5.3 ± 3.5 and 9.2 ± 7 days (P = 0.26), respec-
tively.

Table 1. Frequency of Viruses in Positive PCR Samples

Viruses Frequency (%)

Enterovirus 7 (33.3)

Mumps 7 (33.3)

Adenovirus 2 (9.5)

CMV 1 (4.8)

Rubella 1 (4.8)

EBV-Enterovirus 1 (4.8)

hhv6-Enterovirus 1 (4.8)

Adenovirus- mumps 1 (4.8)

Measles 0 (0)

VZV 0 (0)

A summary of the clinical manifestations of patients is
shown in Table 2. Fever, headache, and nausea/vomiting
were the most common symptoms presented in patients.
The differences in clinical manifestations between chil-
dren with positive and negative PCR were not statistically
significant.

The CSF analysis and laboratory findings of blood sam-
ples are presented in Tables 3 and 4. There were no signif-
icant differences between PCR positive and PCR negative
groups.
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Figure 2. Seasonal distribution of viruses in children with viral meningitis

5. Discussion

Meningitis is the infection of the central nervous sys-
tem (CNS) caused by inflammation in the meninges (14).
Viruses are the most common cause of meningitis infec-
tions, followed by bacteria, fungi, protozoa, drugs, and
chemical agents (1). VM is often mild, self-limited, and
without severe sequelae (9). As the initial manifestations
are the same in all types of meningitis, making it primarily
difficult to distinguish bacterial and viral meningitis (15).
Therefore, rapid empirical antibiotic therapy starts for all
meningitis patients. Early detection of pathogens is associ-
ated with reduced antibiotic use and shorten hospital stay.
Currently, culture is the gold standard for the diagnosis of
viral infections. However, virus isolation is a poor diagnos-
tic tool due to its insensitivity and time consumption (9,
10). Using sensitive molecular methods like PCR in routine
clinical practice could be useful in the rapid diagnosis of
VM. The lack of PCR inhibitors such as haem and enzymes
in the CSF samples, making it a sterile sample compared to
the other body sits and decreases the false-positive PCR re-
sults (16). Overall, many studies have indicated that PCR is
more fast, sensitive, and non-invasive compared to other
standard methods such as culture and brain biopsy (10).
Molecular detection of viruses in the CSF is related to the
onset of neurological symptoms, as the highest positive
rate for enterovirus infection was found between days 3 to
14 (17).

In this study, real-time RT-PCR was used to determine
viral etiology in children with aseptic meningitis. To-
tally, 38.9% of cases were detected as PCR positive, and
enterovirus and mumps were the most frequent viruses.
Enterovirus was reported as the most common causative
agent of VM in many studies (2, 7, 10, 12, 18). A study from
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Table 2. Clinical Manifestation of Patients with Positive and Negative PCR

Symptoms PCR Positive (N = 21), No. (%) PCR Negative (N = 33), No. (%) P-Value

Fever 18 (85.7) 21 (63.6) 0.242a

Nausea/vomiting 12 (57.1) 12 (36.4) 0.292a

Headache 9 (42.8) 9 (27.3) 0.416b

Drowsiness and lethargy 5 (23.8) 11 (33.3) 0.260b

Poor feeding 4 (19) 5 (15.1) 0.593a

Neck pain and neck rigidity 2 (9.5) 1 (3) 0.387a

Agitation 0 (0) 2 (6.1) 0.325a

aFisher’s exact test.
bPearson chi-square.

Table 3. Laboratory Finding of CSF Samples

Tests Median Interquartile Range (IQR) P-Value

Sugar, mmol/L 0.125

PCR positive (N = 21) 51 37.5 - 70

PCR negative (N = 29) 42 33 - 56.5

Protein 0.262

PCR positive (N = 21) 35 26 - 102.5

PCR negative (N = 29) 60 31.5 - 120

WBC, cell/mm3 0.242

PCR positive (N = 21) 100 17 - 242.5

PCR negative (N = 29) 25 10 - 145

Segment, % 0.862

PCR positive (N = 21) 5 0 - 32

PCR negative (N = 29) 10 0 - 30

Iran reported similar results so that enterovirus (43.3%)
and mumps (36.7%) had the highest prevalence (19). In
another study from Turkey, mumps (50.7%) meningitis oc-
curred more frequently than enterovirus (17%) (20).

The occurrence of postvaccination meningitis in chil-
dren is one of the adverse events of MMR (measles, mumps,
and rubella) vaccination (21). Vaccine failure (failure to
seroconvert after vaccination) following the first doses of
vaccine can explain the cause of infection (22). It was
revealed that the success of vaccination against mumps
ranged from 64 to 95% for one dose vaccine (19). Accord-
ing to the reports, the mumps vaccine might be consid-
ered as one of the etiologic agents of aseptic meningitis in
Iran (18, 19, 23). Based on the national immunization pro-
gram of Iran, children get the first dose of MMR vaccine
at 12 months of age (24). In a study in Tehran, the rate of
positive IgM for mumps was 62.7% in children aged from 9
months to 14 years (25). In the present study, four patients
with mumps meningitis received MMR vaccine, that two

cases aged 12 months of age.

We found three cases of coinfection: two cases had en-
terovirus with either EBV or hhv6, and one case was coin-
fected with mumps and adenovirus. Several studies men-
tioned viral meningitis coinfection; for example, Jin et al.
(9) reported three coinfections of enterovirus with aden-
ovirus (2 patients) and rhinovirus (one patient). In a study
from Iran, out of 66 CSF samples from patients diagnosed
with aseptic meningitis, two cases had mumps and en-
terovirus coinfections (18). Also, EBV was frequently found
in the CSF of HIV-infected patients with VM (26). In a report
by Kimiya et al. (27), EBV was identified in the CSF of two
patients with VM. They showed the temporal order of EBV
coinfection with another pathogen, proposing that EBV re-
activation occurred as a consequence of blood-brain bar-
rier disruption due to echovirus meningitis (27).

It was shown that viruses such as adenovirus, CMV, EBV,
influenza A and B, measles, parainfluenza, rubella, VZV, and
hhv-6 are rare causes of VM. Approximately 4% of VM cases
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Table 4. Laboratory Finding of Blood Samples

Tests Median Interquartile Range (IQR) P-Value

WBC, cell/mm3 0.860

PCR positive (N = 21) 9800 6600 - 13900

PCR negative (N = 29) 9600 6450 - 14100

Hb, g/dL 0.571

PCR positive (N = 21) 11.9 10.2 - 12.9

PCR negative (N = 28) 11.4 9.8 - 12.5

Plt, mm3 0.350

PCR positive (N = 21) 296000 213500 - 385000

PCR negative (N = 29) 331000 226500 - 433000

ESR, mm/h 0.642

PCR positive (N = 15) 40 25 - 54

PCR negative (N = 22) 30.5 9.7 - 53.5

CRP, mg/L 0.534

PCR positive (N = 20) 10.5 6.4 - 48.2

PCR negative (N = 26) 12.5 2.7 - 63.7

are caused by the herpes family (14). In the present study,
the prevalence of other viruses (CMV, rubella, EBV, and hhv-
6) was low, and VZV and measles were not detected, which
is similar to other studies (19, 28). In a study by Hosseini-
nasab et al. (19), 2 (3.1%) cases had positive results for VZV,
and a study in Ahvaz reported only one infant positive for
VZV, that was born to a mother with VZV infection.

Consistent with other studies, our peak season was in
summer (19, 29). However, in a report from the south-west
of Iran, enterovirus had an atypical winter outbreak, sug-
gesting that high summer temperatures (~ 50°C) in this re-
gion may affect virus survival (7).

Common clinical symptoms of meningitis include
fever, malaise, vomiting, petechial rashes, and increased
WBC count with a lymphocytic predominance (1, 18). Signs
and symptoms of meningeal irritation such as Brudzin-
ski and Kernig, as well as nuchal rigidity, rarely occur in
younger children, and they often present symptoms such
as poor feeding, vomiting, seizure, lethargy, and bulging
fontanel (14). Fever and nausea/vomiting were the most
frequent complaints in our study. Amarilyo et al. (30) re-
vealed that clinical signs and symptoms had little diagnos-
tic value to discriminate between children with or without
meningitis.

5.1. Conclusions

In this study, we provided data on the prevalence of
viruses in children with aseptic meningitis. Enterovirus
and mumps were the most common pathogens causing

VM in this population. As the clinical manifestations are
poor discriminator for meningitis, rapid diagnosis of VM
by molecular methods is essential for successful manage-
ment of patients with CNS infections, which causes re-
duced unnecessary antibiotic prescribing. Moreover, de-
tection of mumps virus in children who received MMR vac-
cine should provide the warning for evaluating the vaccine
potency and safety.
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20. Şensoy G, Sel K, Özkaya E, Çuhaci Çakir B, Vidinlisan S, Doganci L. En-
teroviral meningitis in children in Turkey.OpenMed. 2009;4(2):253–8.
doi: 10.2478/s11536-008-0055-5.

21. Park T, Ki M, Yi SG. Statistical analysis of MMR vaccine adverse events
on aseptic meningitis using the case cross-over design. Stat Med.
2004;23(12):1871–83. doi: 10.1002/sim.1540. [PubMed: 15195321].

22. Bamberger DM. Diagnosis, initial management, and prevention of
meningitis. AmFamPhysician. 2010;82(12):1491–8. [PubMed: 21166369].

23. Mamishi S, Sarkardeh M, Pourakbari B, Keshavarz Valian S,
Sabouni F, Mahmoudi S. Aseptic meningitis after measles-mumps-
rubella (MMR) vaccination. Br J Biomed Sci. 2016;73(2):84–6. doi:
10.1080/09674845.2016.1159047. [PubMed: 27181175].

24. Esteghamati A, Keshtkar A, Heshmat R, Gouya MM, Salar Amoli M,
Armin S, et al. Adverse reactions following immunization with MMR
vaccine in children at selected provinces of Iran. Arch Iran Med.
2011;14(2):91–5. [PubMed: 21361714].

25. Noorbakhsh S, Ashtiani F, Rimaz S, Bakhshayesh M. Mumps menin-
goencephalitis in pediatric ward ofrasoolakramhospital in tehran,
iran, 1999-2000. Med Islam Republ Iran. 2004;18(2):123–6.

26. Benjamin LA, Kelly M, Cohen D, Neuhann F, Galbraith S, Mallewa M,
et al. Detection of herpes viruses in the cerebrospinal fluid of adults
with suspected viral meningitis in Malawi. Infection. 2013;41(1):27–31.
doi: 10.1007/s15010-012-0292-z. [PubMed: 22798048]. [PubMed Cen-
tral: PMC3566386].

27. Kimiya T, Yagihashi T, Shinjoh M, Kai A, Sato Y. Presence of Epstein-Barr
virus in cerebrospinal fluid from patients with aseptic meningitis ap-
pears to be common. Infection. 2013;41(5):1045–6. doi: 10.1007/s15010-
013-0420-4. [PubMed: 23435718].

28. Kim MA, Yu RM, Kim KH, Chung HJ. A case of acute aseptic menin-
gitis associated with herpes zoster. Korean J Pediatr. 2009;52(6). doi:
10.3345/kjp.2009.52.6.705.

29. Sasan MS, Alborzi A, Ziyaeyan M. Epidemiology of Aseptic Meningitis
in Infants and Children (Shiraz - Iran).Archives of Clinical InfectiousDis-
eases. 2012;7(4):116–8. doi: 10.5812/archcid.15086.

30. Amarilyo G, Alper A, Ben-Tov A, Grisaru-Soen G. Diagnostic accuracy
of clinical symptoms and signs in children with meningitis. Pedi-
atr Emerg Care. 2011;27(3):196–9. doi: 10.1097/PEC.0b013e31820d6543.
[PubMed: 21346676].

6 Arch Clin Infect Dis. 2020; 15(6):e100850.

http://dx.doi.org/10.1007/BF02760582
http://www.ncbi.nlm.nih.gov/pubmed/15684450
http://dx.doi.org/10.1371/journal.pone.0000674
http://www.ncbi.nlm.nih.gov/pubmed/17668054
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1933255
http://dx.doi.org/10.1056/NEJMoa1005384
http://www.ncbi.nlm.nih.gov/pubmed/21612470
http://dx.doi.org/10.1542/peds.2012-3077
http://www.ncbi.nlm.nih.gov/pubmed/23530164
http://dx.doi.org/10.1136/bmj.39409.673657.AE
http://www.ncbi.nlm.nih.gov/pubmed/18174598
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2174764
http://dx.doi.org/10.1136/adc.88.8.662
http://www.ncbi.nlm.nih.gov/pubmed/12876156
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1719594
http://dx.doi.org/10.1016/s0022-3476(88)80566-3
http://www.ncbi.nlm.nih.gov/pubmed/2848117
http://dx.doi.org/10.3345/kjp.2015.58.11.446
http://www.ncbi.nlm.nih.gov/pubmed/26692881
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4675926
http://dx.doi.org/10.1016/S0140-6736(96)08107-X
http://dx.doi.org/10.1016/S0140-6736(96)08107-X
http://www.ncbi.nlm.nih.gov/pubmed/9024374
http://dx.doi.org/10.1016/j.diagmicrobio.2014.07.010
http://www.ncbi.nlm.nih.gov/pubmed/25178670
http://dx.doi.org/10.1007/s00705-012-1476-7
http://www.ncbi.nlm.nih.gov/pubmed/22975986
http://dx.doi.org/10.1097/00006454-199403000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8177623
http://dx.doi.org/10.1590/s1413-86702007000500010
http://www.ncbi.nlm.nih.gov/pubmed/17962876
http://dx.doi.org/10.1542/pir.29-12-417
http://www.ncbi.nlm.nih.gov/pubmed/19047432
http://dx.doi.org/10.1128/CMR.17.4.903-925.2004
http://www.ncbi.nlm.nih.gov/pubmed/15489354
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC523566
http://dx.doi.org/10.1136/jnnp.2004.045336
http://www.ncbi.nlm.nih.gov/pubmed/15608000
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1739313
http://dx.doi.org/10.1097/MD.0000000000005610
http://www.ncbi.nlm.nih.gov/pubmed/27930588
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5266060
http://dx.doi.org/10.1002/jmv.22056
http://www.ncbi.nlm.nih.gov/pubmed/21412795
http://dx.doi.org/10.2478/s11536-008-0055-5
http://dx.doi.org/10.1002/sim.1540
http://www.ncbi.nlm.nih.gov/pubmed/15195321
http://www.ncbi.nlm.nih.gov/pubmed/21166369
http://dx.doi.org/10.1080/09674845.2016.1159047
http://www.ncbi.nlm.nih.gov/pubmed/27181175
http://www.ncbi.nlm.nih.gov/pubmed/21361714
http://dx.doi.org/10.1007/s15010-012-0292-z
http://www.ncbi.nlm.nih.gov/pubmed/22798048
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3566386
http://dx.doi.org/10.1007/s15010-013-0420-4
http://dx.doi.org/10.1007/s15010-013-0420-4
http://www.ncbi.nlm.nih.gov/pubmed/23435718
http://dx.doi.org/10.3345/kjp.2009.52.6.705
http://dx.doi.org/10.5812/archcid.15086
http://dx.doi.org/10.1097/PEC.0b013e31820d6543
http://www.ncbi.nlm.nih.gov/pubmed/21346676

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Design
	3.2. PCR
	3.3. Statistical Analysis

	4. Results
	Figure 1
	Table 1
	Figure 2
	Table 2
	Table 3
	Table 4

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

