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Analysis of clinical information and reverse 
transcriptase-polymerase chain reaction for 
early diagnosis of enteroviral meningitis
Dahee Jin, MD, Tae Hoon Heo, MD, Jung Hye Byeon, MD, PhD, Gun-Ha Kim, MD, PhD, Mi Kyung Kim, MD, So-Hee Eun, MD, PhD, Baik-Lin 
Eun, MD, PhD
Department of Pediatrics, Korea University College of Medicine, Seoul, Korea

Purpose: Meningitis is among the most common infections affecting the central nervous system. It can 
be difficult to determine the exact pathogen responsible for the infection and patients are often treated 
with empiric antibiotics. This study was conducted to identify the most common clinical characteristics 
of enteroviral meningitis in children and evaluate the diagnostic efficacy of reverse transcriptase-
polymerase chain reaction (RT-PCR) for early detection of an enterovirus.
Methods: We analyzed the medical records of children admitted to Korea University Medical Center 
and diagnosed with meningitis on the basis of cerebrospinal fluid (CSF) analysis and RT-PCR from CSF 
and other samples from January 2010 to August 2013.
Results: A total of 333 patients were enrolled and classified into four groups based on diagnosis: 
enteroviral meningitis (n=110), bacterial meningitis (n=23), other viral meningitis (n=36), and unknown 
etiology (n=164). Patients with bacterial meningitis were younger than those in the other groups 
(P<0.001). Pleocytosis in CSF was similar across all groups. Of patients in the enteroviral meningitis 
group, 92.7% were diagnosed based on RT-PCR findings. Mean length of hospital stay for patients 
with enteroviral meningitis was 6.08 days, which was significantly shorter than that for patients with 
meningitis of bacterial etiology (19.73 days, P<0.001).
Conclusion: Diagnosis of enteroviral meningitis before viral culture results are available is possible 
using RT-PCR. Accurate diagnosis reduces the length of hospital stay and helps to avoid unnecessary 
empiric antibiotic treatment. 
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Introduction

Meningitis is one of the most important and severe infection occurring in children and 
adolescents. Many organisms in meningitis can cause severe neurological sequelae1,2).

Clinicians attempt to identify the cause of meningitis by using laboratory methods such as 
culture, reverse transcriptase-polymerase chain reaction (RT-PCR), and rapid antigen 
testing1). However, it takes days for the results to be confirmed, and sometimes a causative 
organism cannot be identified. Therefore, many clinicians initiate treatment with empiric 
antibiotics or antiviral medications. 

The most common cause of meningitis is viral, and the single most common organism is 
enterovirus1,2). Generally, the clinical course of enteroviral meningitis is benign, and there is 
no need to use antibiotics. Therefore, if the diagnosis of enteroviral meningitis is definite, it 
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is possible to avoid unnecessary antibiotic use.
This study aimed to evaluate the clinical factors and laboratory 

features to ascertain the etiology of meningitis in children and 
adolescents. We retrospectively investigated the clinical features, 
laboratory findings, and causative organisms of childhood menin
gitis. 

Materials and methods

This study included children with meningitis admitted to the 
Korea University Medical Center between January 2010 and Aug
ust 2013. Inclusion criteria were as follows: (1) clinical symptoms 
and signs of meningitis (e.g., fever, nausea, vomiting, headache, 
altered mentality, seizure, neck stiffness) and (2) either cerebros
pinal fluid (CSF) pleocytosis or positive CSF culture or RT-PCR 
study. CSF pleocytosis defined as CSF white blood cell (WBC) count 
of ≥10 WBCs/mm3 if the patient’s age was <1 month, ≥5 WBCs/
mm3 if the patient’s age was ≥1 month. 

We retrospectively reviewed the patients’ demographics and 
clinical findings including duration of fever, seizure, vomiting, 
CSF and blood analysis results, and RT-PCR of nasopharyngeal 
samples. CSF analysis included cell count, protein and glucose 
concentrations, culture and RT-PCR results, and C-reactive protein 
(CRP). Patients were classified into four groups by causative 
organisms as follows: group 1, enteroviral meningitis; group 2, 
bacterial meningitis; group 3, other viral meningitis; and group 4, 
meningitis of unknown etiology.

Viral pathogens were detected using a real time RT-PCR panel, 
Anyplex II RV16 (Seegene Inc., Seoul, Korea), which can detect 16 
viruses: influenza A, influenza B, parainfluenza 1–4, respiratory 
syncytial virus A and B, adenovirus, human rhinoviruses, human 

coronaviruses (229E, OC43, NL69), human enterovirus, human 
metapneumovirus, and human bocavirus (Seegene Korea, Seoul, 
Korea). This method simultaneously detects either viral DNA or 
RNA using real-time RT-PCR. 

Statistical analysis was conducted using IBM SPSS Statistics 
ver. 20.0 (IBM Co., Armonk, NY, USA). Findings were reported 
with average and standard deviation values. Frequency analysis, 
chi-square test, Kruskal-Wallis test, and post hoc Tukey test were 
used. Statistical significance was defined as P<0.05.

Results

1. Demographic characteristics
Among 333 pediatric patients with meningitis, 198 patients 

(59.5%) were male and 135 patients (40.5%) were female with a 
mean age of 3.57 years. One hundred and thirty subjects were 

Table 1. General characteristics of study participants with meningitis (n 
=333)

Characteristic     Value

Sex

Male 198 (59.5)

Female 135 (40.5)

Age (yr) 3.57±4.00

<1 130 (39.0)

1–5   90 (27.0)

6–10   86 (25.8)

11–18   27 (8.1)

Admission duration (day) 8.02±6.21

Values are presented as number (%) or mean±standard deviation.  
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Fig. 1. Monthly meningitis case distribution by group between January 2010 and August 2013. The y axis 
represents the average monthly patients per year. The frequency of  meningitis increases in the summer 
months because of greater occurrence of meningitis-causing enteroviruses. Other viral meningitis was were 
encountered in some patients during the study period, including influenza A and B, parainfluenza type 1–4, 
respiratory syncytial virus A and B, adenovirus, human rhinoviruses, human coronaviruses (229E, OC43, 
NL69), human metapneumovirus, and human bocavirus. 
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below 1 year old, 90 patients were 2–5 years old, 86 patients were 
6–10 years old, and 27 patients were 11–18 years old (Table 1).

An average of 7.57 patients were diagnosed each month. There 
was an increased incidence during summer months (Fig. 1), with 
15 patients developing meningitis in June, 21.5 patients in July, 11 
in August, and 9.67 in September.

There were 169 patients (50.8%) with a causative organism 
identified and 164 (49.2%) with unknown etiology of meningitis. 
The single most common organism was enterovirus with 110 pa
tients (33.0%) diagnosed with enteroviral meningitis. There were 
23 patients (6.9%) diagnosed with bacterial meningitis, and 36 
patients (10.8%) diagnosed with other viral meningitides (Table 2). 
Bacterial meningitis was due to Streptococcus pneumoniae, Group 
B Streptococcus, Staphylococcus aureus, Klebsiella pneumonia 
and Escherichia coli, etc. Other viruses detected in CSF included 
adenovirus, parainfluenza virus 3, respiratory syncytial virus B, 
influenza A and rhinovirus. Three patients were diagnosed with a 
coinfection: 2 patients had adenovirus and enterovirus coinfection 
and 1 patient had rhinovirus and enterovirus coinfection, detected 
using real time RT-PCR analysis of CSF. 

2. Clinical characteristics of enteroviral meningitis patients
Among 110 patients with enteroviral meningitis, 67 patients 

(60.9%) were male and 43 patients (39.1%) were female with a 
mean age of 4.02 years. Monthly distribution exhibited a predo
minance of cases in the summer months from June to August (Fig. 
1).

Various specimens and methods were used for diagnosis of 
enteroviral meningitis. Of the 110 patients, 102 patients (92.7%) 
were diagnosed with enteroviral infection by RT-PCR. Of these, the 
specimens showed positive results by RT-PCR were: 67 (60.9%) 
CSF samples, 47 (42.7%) nasopharyngeal samples and 2 stool 
specimens. There were 13 patients with both positive CSF and 
nasopharyngeal aspiration RT-PCR. CSF viral culture was positive 

in 7 patients and stool viral culture was positive in 4 patients. A 
total of 67 patients were examined with simultaneous enteroviral 
RT-PCR and viral culture. RT-PCR was positive in 35 patients 
(52.2%) and viral culture was positive in only 16 patients (23.9%). 
Only 32.3% of the RT-PCR positive group had a positive viral 
culture (18.0% and 18.2% from CSF and nasopharyngeal samples, 
respectively). 

3. Comparison between groups, focusing on enterovirus (group 1)
We compared the demographic attributes and clinical manifes

tations between the four groups (Table 2). The mean age for group 
1 was 4.02±3.69 years, significantly older than group 2 (0.09±0.29, 
P<0.001). But the mean age showed no significant difference 
between groups 1 and 3, 1 and 4. Mean hospital stay was 6.08± 
2.93 days for group 1, was the shortest result of the groups. It 
showed significant difference compared with group 2 (19.73± 
11.94 days, P<0.001) and group 4 (7.64±4.97 days, P=0.007) but it 
was not significant with group 3 (8.08±5.78 days, P=0.120). 

Duration of fever before admission was 1.62±1.74 days and 
1.64±2.08 days in groups 1 and 2, respectively, with no significant 
difference (P=0.977) but shorter than group 4 (2.65±2.28 days, 
P<0.001). Seizure attack was unusual, average 0.01±0.10 times in 
group 1, but 0.18±0.40 times in groups 2 (P<0.001). There were no 
significant difference between groups 1 and 3, 1 and 4. Vomiting 
was 1.62±2.63 times in group 1, significantly more common than 
in other groups (0.14±0.47 times in group 2, P<0.001, 0.69±1.39 
times in group 3, P=0.025, 0.56±0.90 times in group 4, P=0.001). 
Diarrhea was 0.02±0.13 times in group 1, much less than in group 
3 (0.11±0.32, P=0.015) but there was no significant difference with 
group 2 or 4. Respiratory symptoms were not significantly 
different between groups (P=0.496).

In laboratory testing, the mean WBC count of CSF was 460.03 
±214.66 for group 1, which was significantly higher than that of 
group 3 (93.69±238.72, P<0.001) (Table 3). There was no significant 

Table 2. Comparison of characteristics and clinical manifestation of patients with meningitis by classification group

Variable Group 1 (n=110) Group 2 (n=23) Group 3 (n=36) Group 4 (n=164) P value

Sex

Male:female (male %) 67:43 (60.9)  13:10 (56.5) 23:13 (63.9) 95:69 (57.9) 0.889

Age (yr) 4.02±3.69*   0.09±0.29*,†,‡ 3.19±3.41† 3.84±4.36‡ <0.001

Admission duration (day) 6.08±2.93*,† 19.73±11.94*,‡,§ 8.08±5.78‡ 7.64±4.97†,§ <0.001

Seizure attack 0.01±0.10*   0.18±0.40*,† 0.25±1.18 0.02±0.14† <0.001

Fever duration before admission (day) 1.62±1.74*   1.64±2.08† 2.14±2.43 2.65±2.28*,† <0.001

Vomiting 1.62±2.63*,†,‡   0.14±0.47* 0.69±1.39† 0.56±0.90‡ <0.001

Diarrhea 0.02±0.13*   0.00±0.00 0.11±0.32*,† 0.02±0.14† 0.012

Respiratory symptoms 0.22±0.48   0.23±0.43 0.31±0.47 0.19±0.40 0.496

Values are presented mean±standard deviation unless otherwise indicated.
Group 1, patients with enteroviral meningitis; group 2, patients with bacterial meningitis; group 3, patients with other viral meningitis; group 4, patients with 
meningitis of unknown etiology.
*, †, ‡, §Significant difference between variables marked with the same symbol (P<0.05).  
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The authors investigated multiple factors associated with en
teroviral meningitis, but it is difficult to differentiate etiologies 
based on symptoms alone. There were significant differences 
between the groups in the number of seizures, vomiting, and 
diarrhea episodes but the difference was small. There were no signi
ficant differences in duration of fever before admission, or presence 
of respiratory symptoms. Therefore we cannot say that these 
clinical findings are helpful to differentiate the pathogen. 
Furthermore, laboratory results cannot distinguish between 
different etiologies because there were no significant differences in 
serum WBC, ANC, CRP, CSF CRP and CSF WBC levels. There were 
some differences in CSF protein and glucose levels, but these were 
not enough to differentiate the pathogens. 

Since clinical or laboratory findings cannot distinguish the 
etiologies, early detection of the pathogen is important. Virus 
isolation using cell culture and neutralizing antibody assays is an 
established standard method to diagnose enteroviral infection. 
However, it is known that viral culture takes more than a week to 
yield a result and is less sensitive5). RT-PCR, genetic diagnosis, 
fluorescent antibody testing, and enzyme-linked immunosorbent 
assay are recently developed testing method6) to replace viral 
culture. Among them, RT-PCR is a rapid and accurate method to 
diagnose enterovirus. It is possible to detect enterovirus using PCR 
within 24 hours, and Ahmed et al.7) quantified the sensitivity and 
specificity of enteroviral PCR as 92% and 94%, respectively.

Early detection of enteroviral meningitis using enteroviral PCR 
analysis allows for a significantly shorter admission duration8-11). If 
results can be reported in 24 hours, about 2,000 United States 
dollars of hospitalization-related costs can be saved10). In this 
study, patients with enteroviral meningitis had the shortest admis
sion duration, compared to those with meningitis of other etiology 
at least 1.5 days. Therefore, testing for enterovirus using PCR is 

difference in CSF WBC counts between groups 1 and 2 (478.57 
±1,275.62, P=0.294). The mean absolute neutrophil counts (ANC) 
of CSF showed similar results. CSF glucose and protein levels were 
different between groups. Mean CSF protein level was 34.78±17.99 
mg/dL, lower in group 1 compared with 104.83±73.55 mg/dL of 
group 2 (P<0.001) and 50.96±43.18 mg/dL of group 4 (P=0.005). 
The CSF glucose level was 59.72±11.40 mg/dL in group 1, which is 
significantly higher than that for group 2 (50.30±22.80 mg/dL, 
P=0.005). And there was no significant differences between groups 
1 vs. 3, 1 vs. 4. Serum WBC, ANC, and CRP, as well as CSF CRP 
were not significantly different between groups.

Discussion

Meningitis is a common central nervous system infection. Viral 
meningitis is common, usually carries a benign prognosis, and 
rarely has neurological complications1). However, some reports 
suggest that aseptic meningitis with herpes virus or enterovirus 71 
can produce significant neurological sequelae3,4). Also, bacterial 
meningitis is very severe with high mortality and more frequent 
neurological complications after recovery despite appropriate 
antibiotic therapy. The initial manifestations of the patients with 
bacterial meningitis and viral meningitis are so similar that it is 
difficult to differentiate the causative organism2). Therefore, it is 
generally accepted that empiric antibiotic therapy is critical for all 
meningitis patients.

In our study, we analyzed the clinical manifestations and labo
ratory findings of enteroviral meningitis, the most common 
aseptic meningitis by comparing this etiology with bacterial and 
other viral meningitides. We anticipated that early diagnosis 
would shorten the admission duration.

Table 3. Comparison of laboratory findings between groups of patients with meningitis

Laboratory findings Group 1 (n=110) Group 2 (n=23) Group 3 (n=36) Group 4 (n=164) P value

Blood findings 9,650±2,867 13,890±8,064 11,330±3,414 17,280±20,347 0.112

WBC (/μL) 6,859.54±2,855.99 7,449.67±3,897.15 6,656±3,003.20*,† 12,361.46±16,986.15† 0.873

ANC (/μL) 9.83±15.01 47.79±69.06 27.19±36.69 26.07±59.17 0.539

CRP (mg/L)

CSF findings

WBC (/μL) 460.03±214.66* 478.57±1275.62 93.69±238.72*,† 199.34±408.27† <0.001

ANC (/μL) 80±172.23* 396.05±1105.28 39.99±168.35*,† 90.14±265.06† <0.001

Protein (mg/dL) 34.78±17.99*,† 104.83±73.55*,‡,§ 45.27±45.20‡ 50.96±43.18†,§ <0.001

Glucose (mg/dL) 59.72±11.40* 50.30±22.80*,†,‡ 62.17±12.00† 59.43±11.79‡ 0.004

CRP (mg/L) 0.01±0.04 0.82±1.75 0.05±0.22 0.12±0.70 0.021

Values are presented as mean±standard deviation.
Group 1, patients with enteroviral meningitis; group 2, patients with bacterial meningitis; group 3, patients with other viral meningitis; group 4, patients with 
meningitis of unknown etiology.
WBC, white blood cell; ANC, absolute neutrophil count; CRP, C-reactive protein; CSF, cerebrospinal fluid.
*, †, ‡, §Significant difference between variables marked with the same symbol (P<0.05). 
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beneficial in improving cost-effectiveness.
There are multiple reports of coinfection. Coinfection with 

bacterial meningitis and Epstein-Barr virus infection showed 
increased mortality12), and a case of herpes simplex virus-2 
meningitis with rickettsial infection has also been reported13). In 
this study, 3 patients had coinfection of either adenovirus or 
rhinovirus with enterovirus. Rhinovirus has been included in the 
enteroviral genus lately, because of evolving molecular diagnostic 
techniques14). Due to the similarity of the 5' noncoding regions of 
enterovirus and rhinovirus, it is difficult to develop an enterovirus-
specific RT-PCR protocol15). In our study, there was one case of 
coinfection involving rhinovirus and enterovirus using a specific 
test. But our examination of viral coinfection is limited because of 
small numbers of cases and further investigation will be needed.

RT-PCR testing for enterovirus can provide early diagnosis of 
enteroviral meningitis, shorten the admission duration, and it can 
lead the decrement of antibiotic use. Multiplex viral PCR can 
detect many viruses in a single test at the same time. This multi
plex viral PCR is often used with respiratory viral infection, but is 
not common in central nervous system infection testing. A lower 
cost, nervous system-specific virus panel including common 
etiologies such as enterovirus and herpes simplex virus would be 
very helpful in the diagnosis of meningitis in the future. In addi
tion, in dealing with patients without CSF pleocytosis, enteroviral 
infection must be considered, which may be beneficial in treating 
these patients.
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