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Abstract
Background: Aseptic meningitis is the most common viral infection caused by human enteroviruses, but
enteroviruses associated with aseptic meningitis in Liaocheng have not been reported yet. The aim of this
study was to determine prevalence and genetic characteristics of enteroviruses causing aseptic
meningitis in children in Liaocheng.

Methods: We reviewed the epidemiological and clinical characteristics of 504 pediatric cases with aseptic
meningitis in Liaocheng from 2018 to 2019, and analyzed the phylogeny of the predominant enterovirus
(EV) types causing this disease.

Results: A total of 107 children were positive for EV by the nested-PCR in cerebrospinal fluid samples.
Most of the positive patients were children within 13 years old, had symptoms such as fever, headache
and vomiting (P<0.05). The most prevalent seasons of EV-positive cases accurred in summer and
autumn. The 107 EV sequences belonged to 8 serotypes, and echovirus types 18, 6 and 11 were the three
dominant serotypes in Liaocheng during the 2-year period. Phylogentic analyses demonstrated that E18
and E6 isolates belonged to subgenotype C2, while E11 isolates belonged to subgenotype D5. The VP1
analysis suggested that only one lineage of these three types were co-circulating in Liaocheng region.

Conclusions: This study demonstrated the diversified enterovirus genotypes attributing to the large
outbreak of aseptic meningitis in Liaocheng. Therefore, the large-scale surveillance is required to the
epidemiology of enteroviruses associated with aseptic meningitis, and is important for diagnosis and
treatment of aseptic meningitis in Liaocheng.

Introduction
The enteroviruses (EVs) are small, nonenveloped, positive single-stranded RNA viruse of the genus
Enterovirus within the family Picornaviridae [1]. To date, 116 serotypes belonging to four enterovirus
species (EV-A, B, C, and D) have been identified to infect humans on the basis of neutralizing assays and
sequence analysis of the major capsid VP1 gene [2]. EVs are predominantly spread from person to person
via the fecal-oral route and infect approximately a billion people worldwide each year, and they occur
typically in the summer and autumn in restricted geographical areas or communities, leading to increase
admissions to hospital wards for short periods. [3]. They are ubiquitous and cause diverse clinical
manifestations, from mild presentations including minor febrile illness, gastrointestinal diseases and
rash to more severe syndromes such as acute flaccid paralysis, myocarditis, neonatal sepsis, acute
haemorrhagic conjunctivitis, encephalitis and aseptic meningitis [4].

Aseptic meningitis, defined as the most commonly observed CNS infection with sterile cerebrospinal fluid
(CSF), causes different clinical presentations according to the patient's age and immune status [5]. Non-
polio human enteroviruses (EVs), especially the species enterovirus B (EV-B), are the most common
etiology for this disease [6]. Various studies over the past several decades have shown that most EV-B
types are the major causative agents for this disease, and numerous EV-Bs associated meningitis
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outbreaks have been reported throughout the world [7, 8, 9, 10, 11, 12, 13]. Shandong is a coastal province
in China. There had been outbreaks of aseptic meningitis caused by EV-Bs (e.g., E6, E30, CVB3 and CVB5)
in middle east of Shandong Province [14, 15, 16, 17, 18]. However, Liaocheng city is located in the western
region of Shandong province, the information on the EVs causing aseptic meningitis in children has not
been reported. There is limited information on circulating enterovirus serotypes and associated clinical
phenotypes in pediatric population in Liaocheng region. Hence, such knowledge is essential for
laboratory diagnostics, patient management and future outbreak response.

In this study, the main aim was to investigate the genotypes of enterovirus contributing to aseptic
meningitis and the associations between enterovirus types and clinical manifestations and CSF
laboratory findings in Liaocheng over the period from 2018 to 2019. Furthermore, the intratypical genetic
variation of three predominant EV types was carried out through nested RT-PCR and phylogenetic
analysis based on VP1 region directly in CSF samples of patients.

Materials And Methods

Patients and clinical samples collection
Liaocheng city is located in the western region of Shandong province between 35°47'~37°02' north
latitude and 115°16'~116°32' east longitude. Liaocheng covers an area of 8715 km2 accounting for 5.5%
of Shandong province. This area has a population of 5,935,700, with the population density of 681.1
people per square kilometers.

504 cerebrospinal fluid (CSF) specimens from children admitted with suspected aseptic meningitis were
collected in Liaocheng People's Hospital (China) from 1 January 2018 to 31 December 2019. CSF
specimens were sent to our laboratory at about 4 °C during sample transport and stored at -80˚C for
further analysis. Data on demographics, clinical symptoms, and CSF laboratory findings were collected
retrospectively from patients' clinical history. All statistical tests were analyzed using SPSS software
version 18.0. Data were presented as Mean ± Standard Error (SE) for continuous variables, and a P-value
less than 0.05 was considered statistical differences (P < 0.05).

Enterovirus diagnosis and molecular genotyping
Viral RNA was extracted from 200 μl of the CSF samples by using the MagBeads RNA Extraction Kit
(Liferiver, China) according to the manufacturer's recommended procedure. Species-specific nested
primers were used to amplify the region of VP1 gene of EV-A and EV-B based on the standard protocol
[19].

Reverse transcription polymerase chain reaction (RT-PCR) and PCR were conducted using the
SuperScriptTM III OneStep RT-PCR System (Invitrogen, USA) and the PyrobestTM DNA Polymerase
(TaKaRa, Japan). For the first round, the PCR was performed in a 25μl reaction containing 8 μl RNA, 1 μl
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RT-PCR mix, 12.5 μl 2×Reaction Buffer, and 20 pmol each of outer primers for EV-A or EV-B. Amplification
was as follows: 50 °C for 30 min, pre-denaturing stage at 94 °C for 2 min, denaturing stageat 94 °C for 30
s, annealing stage at 52 °C for 30 s and elongating stage at 72 °C for 1 min; 30 cycles were performed.
Subsequently, the second round PCR was performed with 2 μl of the former PCR products and 20 pmol
each of inner primers in a volume of 25 μl under the same PCR conditions as described above. The PCR
product was harvested by electrophoresis through 1.0% agarose gel, ethidium bromide staining and UV
illumination. The positive PCR products were purified and bi-directionally sequenced by using an
ABI3730XL automatic sequencer (Applied Biosystems, FosterCity, CA, USA). The obtained sequences
were used for molecular typing by using on line Enterovirus Genotyping Tool version 0.1.

Sequence analysisand phylogenetic analysis
BLASTn web site was used to align multiple partial VP1 sequences
(https://blast.ncbi.nlm.nih.gov/Blast.cgi). Nucleotide sequence alignment and homologous comparisons
were performed using the BioEdit software (version 7.0.5.3). Multiple alignments were generated with the
Clustal W program. Phylogenetic analyses based on the VP1 sequences were constructed by in MEGA 6
program using the neighbor-joining (NJ) method with maximum composite likelihood and Kimura 2-
parameter models [20]. Bootstrap testing with 1000 duplicates was used to test the strength of the
phylogenetic trees. Bootstrap values >70% were considered statistically significant for grouping. In
addition, the nucleotide difference of more than 15% between groups and 8% within groups in the VP1
region was used to distinguish genotypes and sub-genotypes.

Nucleotide sequence accession number
The complete VP1 sequences of the EV strains obtained in this study were deposited in the GenBank
database under the accession numbers MT901934-MT901942, MT950542-MT950636, MT646123-
MT646125.

Results

Cases and epidemiology
A total of 504 hospitalized patients suspected of having aseptic meningitis were reported in the period
from 2018 to 2019. Of the patients, 107 (21.2%) were positive for enteroviruses by RT-PCR. Figure 1
showed the age distribution for all the cases. For EV-positive patients, age ranged from 1 month to
13 years old. The gender ratio was 1.97:1, with 71 male and 36 female cases. There were no significant
differences between EV-positive patients and the negative patients in male-to-female ratio (P > 0.05).
When analyzing for the monthly distribution of patients, enteroviral infections were observed throughout
the year, whereas 98.1% (105/107) of the cases predominate in summer and autumn (Fig. 2). The
majority of the cases occurred between June and October, and mostly in July.
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Clinical Characteristics And Laboratory Findings
The clinical characteristics and laboratory findings of EV-positive and EV-negative patients were shown in
Table 1. The most common clinical symptoms of EV-positive patients were fever, headache and vomiting.
Approximately 94.4% of the EV-positive patients suffered from fever at the time of hospital admission.
There were no significant differences between EV-positive patients and the negative patients in hospital
stay and fever duration before admission(P > 0.05). The data showed that the frequency of headache,
dizzy and neck stiffness was significantly higher in EV-positive patients than in the negative patients (P < 
0.05). Almost half the patients had complications such as neurologic, circulatory or respiratory system
symptoms. CSF pleocytosis and protein levels were found to be significantly higher in EV-positive group
than in the negative group (P < 0.05). In general, EV was found to be statistically associated with
pleocytosis with 92.5% (99/107) in EV-positive cases, whereas still 7.5% (8/107) of the EV cases did not
have pleocytosis.
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Table 1
Comparison of clinical characteristics and laboratory findings between EV-positive patients and EV-

negative patients from 2018 to 2019.
Characterics EV-positive patients

(n = 107)

EV-negative patients

(n = 397)

P value

Agea (years) 6.6 ± 3.1 5.6 ± 3.1 0.019

Male [no. (%)] 71(66.4) 258(65) 0.792

Hospital staya (days) 9.3 ± 2.3 9.2 ± 2.2 0.902

Fever duration before admissiona (days) 2.3 ± 2.4 2.9 ± 2.8 0.059

Clinical symptoms and signs [no. (%)]  

  Fever 101(94.4) 366(92.2) 0.438

  Headache 98(91.6) 304(76.6) 0.001

  Vomiting 47(44) 185(46.6) 0.622

  Lethargy 44(41.1) 129(32.5) 0.095

  dizzy 56(52.3) 148(37.3) 0.005

  Convulsion 1(0.9) 28(7.1) 0.016

  Neck stiffness 19(17.8) 30(7.6) 0.002

  Anterior fontanelle bulge 0(0) 4(1) 0.297

  Babinski’s sign and/or Brudzinski’s sign 19(17.8) 116(29.2) 0.017

  Respiratory symptomsb 78(72.9) 239(60.2) 0.017

CSF findings [no. (%)]      

  White blood cell > 10 × 106/L 99(92.5) 275(69.3) < 0.001

  Protein > 40 mg/dL 21(19.6) 37(9.3) 0.003

a mean ± SD

b Respiratory symptoms include coarse breath sounds, cough and other symptoms.

Enterovirus Genotypes
Of the 504 specimens, 107 (21.2%) were positive for enteroviruses by RT-PCR, which were successfully
serotyped by sequencing the amplicon of VP1 sequence. A total of 8 serotypes were detected with
different detection rates: E6 (15.9%, 17/107), E18 (45.8%, 49/107), E11 (11.2%, 12/107), CVB5 (8.4%,
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9/107), CVA9 (6.5%, 7/107), E30 (6.5%, 7/107), E5(4.7%, 5/107), and E20 (1%, 1/107). All of the serotypes
were included within the EV-B species. The positive rate of enterovirus was 18.2% (50/275) in 2018 and
24.9% (57/229) in 2019. The proportion of predominant pathogen varied significantly between years, as
did the proportion of each serotype. The predominant serotypes witched from E6 (34%, 17/50) in 2018 to
E18 (66.7%, 38/57) in 2019. Genotypes E-18, E-6, and E-11 were the three predominant types throughout
the years of 2018 to 2019.

Phylogenetic Analysis Of Enterovirus Genotypes
Phylogenetic analysis and homologous comparison were conducted using the complete VP1 sequences
of 49 E18, 17 E6 and 12 E11 isolates in this study, and the global reference sequences of 43 E18, 59 E6
and 75 E11 retrieved from GenBank which are representatives of different genotypes and subgenotypes,
respectively.

All Liaocheng E-18 isolates were classified into the C2 subgenotype alongside with the meningitis-related
E18 isolates from the countries of China, France, Tunisia, Korea, Thailand and Australia. E18-314, former
reference strain causing aseptic meningitis outbreak in Hebei in 2015, also belonged to this subgenotype.
Homologous analysis revealed they shared 94.6%-96.2% nucleotide identity with the meningitis-related
E18 strain from Hebei Province (Fig. 3a).

Similarly, 17 E6 VP1 sequences from Liaocheng fell into the C2 subtype along with isolates from different
areas of China, Poland, Russia and Belarus. Shandong E6 meningitis isolates in 2014, also clustered in
this subgenotype. Liaocheng E6 had more close relationship with Shandong meningitis isolates and
shared 95.7–96.7% similarities with each other (Fig. 3b).

Also, all Liaocheng E11 VP1 sequences grouped into the subgenotype D5 along with former Chinese
isolates and foreign isolates from Tunisia, New Zeland, the United States, France and Russia. The E-11
strains of meningitis and HFMD (hand, foot, and mouth disease) were also classified into subgenotype
D5 in Fujian and Sichuan Province of China in 2011, 2016 and 2017. Liaocheng E11 had 91.1–98.5%
VP1 nucleotide similarities with these reference strain (Fig. 3c).

Discussions
Aseptic meningitis is the most common CNS infection with cerebrospinal fluid (CSF) negative for
bacteria, and EVs, human parechovirus (HPeV), Varicella zoster virus (VZV) and Herpes simplex virus
(HSV) 1 and 2 are the most common viral etiologies. [21, 22]. Specifically, EVs are widely recognized as
the main causal agent of aseptic meningitis and association is proved by virus genotype from CSF
specimen, which occur in both children and adults. [23]. Various studies over several decades have
shown children are the primary victims of this disease, and numerous enterovirus meningitis outbreaks
associated with EVs have been described [23, 24, 25, 26]. Though, the surveillance system of population-
based EVs in mainland China is limited, several related studies of enterovirus meningitis outbreaks have
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been reported frequently in the provinces of Jiangsu [27], Gansu [28], Anhui [29], Zhejiang [30, 31, 32],
Guangdong [8, 33, 34], Yunnan [10], Hebei [35] and Shandong [14, 15, 16, 17, 18, 36, 37, 38] in recent
years. These outbreaks were characterized by a large number of hospitalized children, which has become
a a pressing issue to public health in current China. Hence, rapid EV identification and genotyping from
the CSF samples are critical to investigate the EV circulation and understand the social burden of EV
infection.

In this study, we described the molecular epidemiology and enterovirus genotypes from CSF samples of
children hospitalized for aseptic meningitis in Liaocheng, China. Our results showed that 107 out of 504
(21.2%) cases of aseptic meningitis were found positive for enteroviruses and 8 different enteroviruses
genotypes were responsible for enterovirus meningitis. Several previous studies showed the identification
rate of EV types from the CSF ranged from 19.5–54.1% using previously developed assays [39, 40, 41,
42]. The findings in our study are consistent with these studies and the success rate of direct EV typing
was low (21.2%). This could be attributed to the low viral load of CSF samples, the high variability of the
VP1 region or other virus infection.

The majority of EV cases (53.3%, 57/107) in this study were children aged between three and six, which
occurs most frequently in preschool children. Previous studies showed that a higher prevalence of
enteroviral meningitis in males vs. females [18, 32]. In our study, the findings are similar with these
reports and the male-to-female ratio was found to be 1.97:1. In the present study, 105 EV cases (98.1%,
105/107) were detected in the summer and autumn seasons, which appears with a peak in July. Only 2
cases were detected in spring. Our results revealed that EV infection has typical seasonal feature in
temperate climates. This is consistent with other studies showing that most aseptic meningitis occur in
summer and autumn, and less frequent in the spring and winter [11, 32].

The clinical signs and symptoms of enteroviral meningitis in children were mostly nonspecific, with fever
and headache being the most common symptoms in this study followed by vomiting. Among the 107
patients with enteroviral meningitis, 101 cases (94.4%, 101/107) suffered from fever at the time of
hospital admission, which is in congruence with previous studies [43]. Although the EV-positive patients
and the negative patients exhibited different clinical symptoms, these symptoms were not enough to
distinguish between different etiologies. CSF WBC and protein levels were elevated in most EV-positive
cases in this study, and in comparison to the EV-negative groups, significant differences were observed.
Whereas, 8 EV cases did not have pleocytosis, which is in congruence with other previous studies [44, 45,
46].

In this study, a total of the 8 enterovirus genotypes were detected by sequencing the VP1 region of the EV
genome from 2018 to 2019, which were found to belong to EV species B (E18, E6, E11, CVB5, CVA9, E30,
E5 and E20). During the 2-year period, the predominant enterovirus types were E18 (45.8%), E6 (23.8%)
and E11 (20.5%), and these are associated most commonly with aseptic meningitis. The enterovirus
positive rate was 18.2% in 2018 and 24.9% in 2019, and the proportion of predominant genotype varied
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significantly between years. We found that E6, E18, and E11 was the primary causative agent in 2018,
while only E18 as the dominant pathogen in 2019.

The phylogenetic analysis of VP1 gene in the present study has been widely used for typing EVs and
molecular epidemiological investigations. Some EV serotypes (e.g., E6, E11, E18, E30 and CVB5) are still
causing global epidemic outbreaks, while others (e.g., CVA9, E5 and E20) are primarily endemic infections
[18, 47, 48, 49, 50, 51]. E18 has caused many aseptic meningitis outbreaks in Germany, the United States,
Japan, Korea, and other countries or regions [50, 52, 53, 54, 55, 56]. However, in mainland China, E18
meningitis was less frequently reported. In China, E18 encephalitis/meningitis outbreak was first reported
in Hebei Province in 2015 [35]. Subsequently, E18-associated aseptic meningitis occurred in Zhejiang
province in 2014 and 2017 [32]. Previous studies showed that all E18 strains segregated into three
genotypes: A, B, and C. Genotype C could be further divided into subgenotypes C1 and C2 [35]. Genotypes
A and subgenotypes C2 had been circulated in mainland China. The subgenotype C2 had a wide
geographical distribution and was the absolute dominant subgenotype in mainland China in recent five
years, whereas genotype A disappeared after 2005. In this study, all Liaocheng E18 isolates belonged to
subgenotype C2. Chen et al. reported that the meningitis outbreak in Hebei Province was caused by a new
C2 E18 strain, our study supported this observation. Liaocheng E18 had evolutionally close relationship
with the reference E18-314 strain circulating in the neighboring Hebei Province, which suggested that E18-
314 formed an exclusive transmission chain in China. As frequent travel or the returning of migrant
workers to Hebei Province might increase importation of E18, continuous surveillance is needed.

In China, E6 was first reported to be associated with aseptic meningitis outbreak in 2005 [29]. Then
Zhejiang province has also detected E6 meningitis outbreak in 2014 and 2017 [32]. In Shandong,
sporadic E6 cases were occasionally observed, and environmental surveillances on sewage had proved
that E6 was the predominant serotype in certain years [15, 16, 57, 58]. Furthermore, E6 was one of the
predominant types that are responsible for enterovirus meningitis in 2014 [18]. Previous studies showed
that all known E6 strains divided into three genotypes-A, B and C. Genotype C could be subdivided into
four subgenotypes C1 to C4 [29]. Phylogenetic analyses showed that the subgenotype C2 became the
most frequently detected subgenotype in mainland China after 2014, while subgenotype C4 appeared
extinct after 2005. Liaocheng E6 isolates belonged to C2 subgenotype, which was most closely related to
the meningitis strains isolated in 2014 in Shandong province, suggesting far less variety and continuous
circulation in Shandong province.

Echovirus 11 (E11) is one of the most common cause of meningitis in Russia, America, India, Japan and
Israel, but the meningitis outbreak of E11 has not been found in mainland China [59, 60, 61, 62]. Though
in China, no E11 meningitis outbreak has been reported, EV surveillance has been performed, and E11
cases with meningitis, AFP (acute flaccid paralysis) and HFMD were observed on sewage or CSF
conducted in provinces of Shandong, Fujian, Yunnan, and so on [48, 63, 64, 65]. In this study,
phylogenetic analysis revealed that Liaocheng E11 grouped into subgenotype D5. In previous
epidemiology study on worldwide E11, genotype A was the predominant genotype in mainland China, and
D5 was the predominant subgenotype circulated in American, European and Russia [66]. However, E11
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meningitis caused by subgenotype D5 was reported in Fujian Province in China in 2011, and E11 isolated
from the HFMD surveillance system in China in 2016–2017 were also particularly classified into
subgenotype D5 [48, 65]. In this study, no Liaocheng E11 belonged to genogroup A, and a great number of
subgenotype D5 were identified, suggesting meningitis-related E11 circulating in China is mainly
composed of isolates of this subgenotype in recent years.

There are some limitations to this study. Firstly, the study was conducted in a tertiary hospital and the
number of cases was low. Secondly, the findings are limited by the use of nest RT-PCR performed for the
detection of EVs in CSF samples, the viral load of the samples was low and other virus infection has not
been involved in our study. In the future, to elucidate further the epidemiology of the pathogens for
aseptic meningitis, a prospective multicentric larger studies will be developed and other pathogens such
as HPeV, VZV, HSV-1 and HSV-2 should be taken and evaluated.

Conclusions
Our study describes that EVs are the common etiology of aseptic meningitis among children in
Liaocheng, China. Furthermore, this study reveals that eight meningitis-related EV genotypes circulate in
Liaocheng. E18, E6 and E11 are the three predominant genotypes. The subgenotype of E18 and E6 are
C2, and the subgenotype of E11 is D5. Phylogenetic analyses of these three types exhibit one lineage
circulating in Liaocheng region and they all have great genetic diversity with foreign isolates. Further
surveillance of EV genotypes should be needed to understand the changing genetic characteristics and
clinical pathogenicity, and optimize the choice of interventions.
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Figures

Figure 1

Age distribution of aseptic meningitis patients in Liaocheng (n = 504).
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Figure 2

Monthly distribution of enterovirus genotypes identified in aseptic meningitis patients from 2018 to 2019,
Liaocheng, China.
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Figure 3

Phylogenetic analyses based on VP1 sequences of E18 (panel a), E6 (panel b) and E11(panel c) causing
aseptic meningitis in Liaocheng.
Phylogenetic trees are constructed on the partial VP1 gene using
Neighbor Joining methods. Red diamond and blue round indicate isolates obtained in this study. The
prototype E29-USA strain was used as an outgroup.


