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Abstract

Parechovirus A (PeV-A), which causes a wide variety of diseases, is prevalent among young children. However, little is cur-
rently known about PeV-A infections in children with acute gastroenteritis in mainland China. In this study, we investigated
the molecular epidemiology of acute gastroenteritis in Shenzhen, southern China, with an emphasis on PeV-A infections. A
total of 1220 stool specimens from 1220 outpatient children under 5 years old with acute gastroenteritis were collected from
January 2016 to December 2018. Viral RNA was detected by a real-time RT-PCR and PCR method. The PeV-A isolates were
genotyped by sequencing the VP3/VP1 region. Of 1220 specimens, 148 (12.1%) were positive for PeV-A. The predominant
genotype was PeV-A 1B (68.9%), followed by PeV-A 4 (12.2%), PeV-A 14 (6.1%), PeV-A 1A (5.4%), PeV-A 6 (2.7%),
PeV-A 3 (2.7%) and PeV-A 5 (2.0%). It was found that 68.2% of PeV-A infections occurred in the summer and rainy months
(June to September) in southern China. The majority of PeV-A-positive patients (97.3%) were younger than 24 months old.
PeV-A coinfection with norovirus, rotavirus, astrovirus and adenovirus was found in thirty specimens (30/148, 20.3%), five
specimens (5/148, 3.4%), five specimens (5/148, 3.4%), and two specimens (2/148, 1.4%), respectively. Coinfections with
more than one other enteric virus were not observed in any of the PeV-A-positive specimens. Phylogenetic analysis revealed
that the PeV-A isolates from Shenzhen were closely related to each other and to strains circulating in China, suggesting
endemic circulation of PeV-A in China. The results of this study indicate that PeV-A is one of important pathogens of acute
gastroenteritis in young children and that coinfection is a possible mode of PeV-A infection. PeV-A associated with acute
gastroenteritis exhibited high genotypic diversity in Shenzhen, southern China.

Introduction

Handling Editor: Ana Cristina Bratanich. Parechovirus A (PeV-A) has a single-stranded, positive-

sense RNA genome of about 7,300 nt, and belongs to the
genus Parechovirus in the family Picornaviridae [1]. On the
basis of VP1 sequence comparisons, 18 PeV-A genotypes
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(PeV-A 1 to 18) have been described to date [2—4]. Origi-
nally, the prototypes PeV-A 1 and PeV-A 2 were grouped
into echo-22 and echo-23, respectively, in the genus Entero-
virus. Later, they were assigned to the genus Parechovirus
based on their biological properties and genome organiza-
tion [5]. PeV-A transmission mainly occurs through the
fecal-oral and respiratory routes. Thus, virus shedding can
be detected in stool and respiratory secretion specimens
[6]. PeV-A is often detected in early childhood, with 20%
of children being infected within the first year of life [7,
8]. It has been shown that different PeV-A genotypes are
associated with different clinical symptoms and severity of
disease. PeV-A 1 and PeV-A 2 infections can cause mild
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gastroenteritis, respiratory illness and even serious diseases,
such as myocarditis, meningitis, fatal neonatal infection,
flaccid paralysis and Reye syndrome [9, 10]. PeV-A 3 infec-
tion is more frequently associated with severe disease such
as central nervous system disease and sepsis [9, 11]. The
diseases caused by PeV-A 4-6 tend to be similar to those
associated with PeV-A 1 and PeV-A 2 infections [12, 13].
PeV-A 7-18 infection is relatively rare in human diseases.

In mainland China, epidemiological surveillance of
PeV-A infection has been reported since 2009 [14]. Little is
known about PeV-A infection in children with acute gastro-
enteritis in China, except for six studies [7, 15-19]. Shenz-
hen is located on the southern coast of China and connects
mainland China and Hong Kong. The city has a subtropical
climate and a high population density and mobility. This
study is the first to report PeV-A infection in children with
acute gastroenteritis in Shenzhen, southern China. The aim
of this study is to investigate the epidemiology and genetic
background of PeV-A infection in children with acute gas-
troenteritis in Shenzhen, China, and to evaluate the relation-
ship between acute gastroenteritis and different genotypes
of PeV-A.

Materials and methods
Collection of clinical samples

Between January 2016 and December 2018, a total of
1220 fecal samples (397 in 2016, 340 in 2017, and 483 in
2018) were collected from 1220 outpatients under 5 years
old with acute gastroenteritis at four sentinel hospitals and
were archived at Shenzhen Center for Disease Control and
Prevention, China. Of these patients, 788 were boys and 432
were girls. Acute gastroenteritis was defined as three of more
loose or looser than normal stools in a 24-hour period but
excluded those with pus or blood [20]. All fecal samples
were stored at -20°C without additives before testing.

RNA extraction, PeV-A detection, and VP3/VP1
amplification

Total nucleic acid was extracted from 200 pl of superna-
tant of a 20% stool suspension using a MagNA Pure Total
Nucleic Acid Isolation Kit (Roche, Germany). A real-time
RT-PCR method targeting the conserved region of the 5’
untranslated region (5’UTR) [21] was applied to determine
the presence of PeV-A using a Perfect Real-Time One-Step
Prime Script RT-PCR Kit (TaKaRa, Japan). The PeV-A iso-
lates were genotyped by a nested PCR targeting the VP3/
VP1 junction region [22]. DNA products of about 304 bp
were sequenced using the Sanger method by Shanghai San-
gon Co., Ltd, China. In addition to PeV-A, fecal samples
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were also screened for several other diarrheal viruses,
including norovirus (NoV), rotavirus (RV), astrovirus
(AstV) and adenovirus (AdV), using a PCR-Fluorescence
Probing Detection Kit (Shenzhen Aodong inspection & test-
ing, China).

Sequence analysis

The nucleotide sequences of the VP3/VP1 region were anno-
tated, aligned, and edited using BioEdit version 7.0 soft-
ware [23]. Multiple sequence alignments were performed
using the Clustal W program (Ibis Biosciences, CA, USA)
[24]. The genotypes of PeV-A isolates were determined by
a Basic Local Alignment Search Tool (BLAST) search and
confirmed by phylogenetic analysis. Reference sequences
were obtained from the GenBank database. Phylogenetic
trees were constructed in MEGA 7.0.26 using the maxi-
mum-likelihood method with 1,000 bootstrap replicates. The
nucleotide substitution model used for phylogenetic recon-
struction was the Tamura 3-parameter gamma model [25].

Nucleotide sequences accession numbers

A total of 148 VP3/VPI1 nucleotide sequences deter-
mined in this study have been deposited in the DDBL/
ENA/GenBank database under the accession numbers
MN106732-MN106767, MK641524 -MK641582, and
MN218129- MN218181.

Statistical analysis

Statistically significant differences in infection rates of
categorical variables were tested using Fisher’s exact test,
the chi-square test, and the Bonferroni method. All statis-
tics analysis was performed with SPSS Version 22 (IBM,
USA). P-values less than 0.05 were considered statistically
significant.

Results

Epidemiology of PeV-A in Shenzhen
during 2016-2018

The detection rate of PeV-A was 9.1% (36/397) in 2016,
17.4% (59/340) in 2017, and 11.0% (53/483) in 2018. Over-
all, the detection rate of PeV-A was 12.1% (148/1220) in
the three years of the study (Table 1). Eighty-eight (7.2%,
88/1220) patients who were positive for PeV-A were boys
and sixty (4.9%, 60/1220) were girls. There was no statis-
tically significant difference between the PeV-A detection
rates in male and female patients (P = 0.164, XZ = 1.939)
(Table 2). The rates of detection of PeV-A infection in O- to
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Table 1 The dctectior} rate Year Total No.PeV-A  No. RV positive (%) No. NoV positive (%) No. AdV No. AstV
O,f PeV-A and ther dlar}rhea tested  positive (%) positive (%) positive (%)
virus among children with
gastroenteritis in Shenzhen, 2016 397 36(9.1) 65 (16.4) 70 (17.6) 9(2.3) 9(2.3)
gg;‘;hem China, during 2016- 2017 340  59(17.4)  71(20.9) 60 (17.6) 16 (4.7) 5(1.5)
2018 483 53 (11.0) 60 (12.4) 67 (13.9) 12 (2.5) 20 (4.1)
Total 1220 148 (12.1) 196 (16.1) 197 (16.1) 37 (3.0) 34 (2.8)
PeV-A, parechovirus A; NoV, norovirus; RV, rotavirus; AdV, adenovirus; AstV, astrovirus
Table 2 Demographic . Characteristic Total tested No. PeV-A posi- No. of PeV-A nega- P-value
characterlst‘lc.:s gf children with tive (%) tive (%)
gastroenteritis in Shenzhen,
Southern China, during 2016- Year (n = 1220)
2018 2016 397 36 (9.1) 361 (90.9) 0.002
2017 340 59 (17.4) 281 (82.6)
2018 483 53 (11.0) 430 (89.0)
Gender (n = 1220)
Males 788 88 (11.2) 700 (88.8) 0.164
Females 432 60 (13.9) 372 (86.1)
Age (months) (n = 1220)
0to6 353 54 (15.3) 299 (84.7) <0.001
7to 12 337 59 (17.5) 278 (82.5)
13t0 24 328 31(9.5) 297 (90.5)
25 to 60 202 4(2.0) 198 (98.0)

6-month-old patients, 7- to 12-month-old patients, 13- to
24-month-old patients, and 25- to 60-month-old patients
were 15.3% (54/353), 17.5% (59/337), 9.5% (31/328), and
2.0% (4/202), respectively. The detection rate of PeV-A in
7- to 12-month-old patients was significantly higher than in
those aged 0-6 months, 13-24 months, or 25-60 months (P
< 0.001, X2 = 34.195) (Table 2). Almost all PeV-A-infected
patients were younger than 24 months (97.3%, 144/148).
A sharp seasonality was observed; the majority of PeV-A
infections (89.9%, 133/148) were observed between June
and November, with a peak in September (Fig. 1).

Coinfection with enteric diarrhea viruses
and distribution of PeV-A genotypes

All stool samples were tested for PeV-A and four other
enteric diarrhea viruses, including NoV, RV, AstV and AdV.
The positive rates for NoV, RV, AdV and AstV were 16.1%
(197/1220), 16.1% (196/1220), 3.0% (37/1220) and 2.8%
(34/1220), respectively (Table 1). NoV and RV were the
most common enteric diarrheal viruses, followed by PeV-
A. Coinfection with other enteric diarrhea viruses was fre-
quently detected in PeV-A-positive stool specimens. Alto-
gether, forty-two (28.4%, 42/148) samples were coinfected
with PeV-A and other enteric diarrhea viruses, including
thirty NoV-positive samples, five RV-positive samples, two

AdV-positive samples, and five AstV-positive samples. No
multiple infections with two or more other enteric diarrhea
viruses were found in any of the PeV-A-positive stool sam-
ples. Coinfection with NoV was observed most frequently
in the PeV-A-positive stool samples (Table 3).

Seven different PeV-A genotypes, PeV-A 1A, -1B, -3, -4,
-5, -6, and -14, were identified in our study during 2016-
2018 (Table 4). PeV-A 1B was the most common genotype
(68.9%, 102/148), followed by PeV-A 4 (12.2%, 18/148),
PeV-A14 (6.1%, 9/148), PeV-A 1A (5.4%, 8/148), PeV-A 6
(2.7%, 4/148), PeV-A 3 (2.7%, 4/148) and PeV-A 5 (2.0%,
3/148). The detection rate of PeV-A in acute gastroenteritis
patients in 2017 was higher than that in 2016 and in 2018
(P =0.002, XZ = 2.799). There was an upward trend in the
detection rate of PeV-A 4 and PeV-A 14 from 2016 to 2018,
but a downward trend was observed in the detection rate of
PeV-A 1A (Table 4). The PeV-A 3, -5 and -6 strains were
identified less frequently. Strains PeV-A 14 and PeV-A 6
were not identified in 2016 and 2018, respectively.

Phylogenetic analysis
A total of 148 PeV-A isolates were queried in the NCBI data-
base using the BLAST program. Reference strains shared

high sequence similarity to Shenzhen strains. Phylogenetic
analysis revealed that the majority of the PeV-A isolates
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Fig. 1 Seasonality distribution
of PeV-A infection among chil-
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Table 3 Coinfection with other enteric diarrhea viruses in PeV-A-
positive samples during 2016-2018

Year Monoin-  Coinfec-  Coinfec- Coinfec-  Coinfection
fection tion with  tion with  tion with  with AstV
with NoV RV AdV
PeV-A

2016 25 7 2 1 1

2017 37 18 2 1 1

2018 44 5 1 0 3

Total 106 30 5 2 5

PeV-A, parechovirus A; NoV, norovirus; RV, rotavirus; AdV, adeno-
virus; AstV, astrovirus

(68.9%, 102/148) in Shenzhen were PeV-A 1B (Fig. 2B).
These PeV-A 1B strains clustered closely with strains from
China (Taiwan, Shanghai, Jilin, Lanzhou, Zhejiang), Aus-
tralia, Italy, Japan and South Korea circulating during 2006-
2018. One hundred two PeV-A 1B Shenzhen isolates showed
82.4-99.6% nucleotide sequence identity with each other.
Eighteen PeV-A 1B Shenzhen isolates from 2016-2017 were
closely related to Chinese isolates from Jinlin (HQ171841)

and Lanzhou (FJ763356, JQ715772), with 93.7-98.4%
sequence identity, indicating endemic circulation of PeV-A
1B in Shenzhen (Fig. 2B). The eight PeV-A 1A isolates
from Shenzhen were closely related to Guangzhou isolates
reported in 2012-2014, with 91.4-98.8% sequence identity
(Fig. 2A). These eight PeV-A 1A strains showed 76.9-97.6%
nucleotide sequence identity to each other.

Three PeV-A 3 isolates (S2510/2018, SZ567/2017 and
S7643/2016) were closely related to Chinese strains from
Lanzhou, with 92.1-97.2% sequence identity, and one PeV-A
3 isolate (SZ350/2017) showed the closest relationship
(99.6%) to strains from the Netherlands (Fig. 2A). These
four PeV-A 3 isolates from Shenzhen shared 86.7-94.9%
nucleotide sequence identity with each other.

Eighteen PeV-A 4 strains from Shenzhen clustered
closely with strains from China (Lanzhou, Jilin) and Aus-
tralia (Fig. 2A). These PeV-A 4 isolates in Shenzhen shared
89.9-99.6% nucleotide sequence identity with each other.

Two PeV-A 5 strains (SZ-709/2017 and SZ-586/2016)
showed the closest relationship (96.5-97.6%) to Chinese
strains from Guangzhou, and one PeV-A 5 (SZ-495/2018)
strain was closely related to Chinese strains from Jiangsu,

Table 4 Prevalence and

T Year  Number PeV-A genotype (%)

distribution of PeV-A genotypes PeV-A positive

in Children with acute PeV-A 1A PeV-A1B  PeV-A3 PeV-A4  PeV-A5 PeV-A6 PeV-Al4

gastroenteritis during 2016-

2018 2016 36 5(13.9) 23(63.9) 1(2.8) 383 128 3@®3 -
2017 59 2(34) 43(729) 2@34) 6(10.1) 1017 1.7 4(6.8)
2018 53 1(1.9) 36(67.9) 1(1.9) 9(17.0) 1(19) - 50.4)
Total 148 8(54) 102 (68.9) 4(2.7) 18(12.2) 3(2.0) 427 9(6.1)
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Fig.2 Phylogenetic analysis

of PeV-A isolates identified in
this study based on the VP3/
VP1 region. The phylogenetic
tree was constructed using the
maximum-likelihood method
with 1,000 bootstrap replicates.
The nucleotide substitution
model used for phylogenetic
reconstruction was the Tamura
3-parameter gamma model.
Only bootstrap support values
>70% are shown. The PeV-A
1B clade in panel A is enlarged
in panel B. The scale bar repre-
sents a genetic distance of 0.2
(A) or 0.02 (B) nucleotide sub-
stitutions per site. The symbols
“filled triangle”, “filled square”
and “filled circle” indicate the
strains from this study, collected
in 2016, 2017 and 2018, respec-
tively. The reference sequences
are labeled with GenBank
accession no./country/year
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with 89.9% nucleotide sequence identity (Fig. 2A). The three
PeV-A 5 isolates in this study showed 77.4-94.2% sequence
identity to each other.

The four PeV-A 6 strains in this study showed 96.4% to
99.2% sequence identity to each other and clustered closely
with PeV-A 6 strains from Australia and China (Jilin and
Beijing; Fig.2A).

Eight PeV-A 14 strains from this study formed a clus-
ter with Chinese strains from Guangzhou collected in
2013-2014, with sequence identity ranging from 92.9%
to 97.2% (Fig. 2A). These eight PeV-A 14 strains showed
high nucleotide sequence similarity (94.1-99.6% identity)
to each other. However, a PeV-A 14 strain identified in
2018 (Shenzhen570/2018) formed a separate branch with
a strain from Ghana, with low nucleotide sequence similar-
ity (85.9% identity; Fig. 2A), and the Shenzhen570 isolates
shared 76.1-78.5% sequence identity with other PeV-A 14
strains from Shenzhen.

Discussion

This study is the first to document the prevalence of PeV-A
in fecal samples from children with acute gastroenteritis in
Shenzhen, southern China. Some studies from China showed
that the overall detection rate of PeV-A in children with diar-
rhea varied in different years and different regions, with a
wide range from 2.0% to 55.0% [7, 15, 17-19]. The detection
rate of PeV-A reported in this study also varied from year
to year. The prevalence of PeV-A infection in Shenzhen was
higher than that reported in Hong Kong (2.3%) [17], simi-
lar to that identified in Guangzhou (13.4%) [15], and lower
than that in Lanzhou (25.3%) [7] and Shanghai (55.0%) [19].
When compared with neighboring countries, the prevalence
of PeV-A infection was similar to that in India (13.9%) [26],
but higher than that reported in Japan (6.8%) [27], Thailand
(2.4%) 28] and South Korea (2.0%) [29]. The prevalence of
PeV-A infection in 2017 was significantly higher than that
in 2016 and 2018. PeV-A 14 isolates were not identified in
2016, but we cannot conclude from the data that this type
was first introduced in 2017, since it might have just been
absent that year. Continuous surveillance of the changing
trends of PeV-A genotypes will be necessary. There was no
statistical difference between the detection rates of PeV-A in
female and male patients, which was in agreement with all
previous studies [7, 19, 30, 31] except one [32]. The detec-
tion rate of PeV-A in 7- to 12-month-old patients was signifi-
cantly higher than that in other age categories. The probable
reason for this is that children begin to interact more actively
with their environment and can easily be exposed to PeV-A
during this period [33]. Serological studies have shown that
over 90% of children are infected with PeV-A within the first
two years of life [8, 34]. The current study indicated that
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97.3% of children under 2 years of age with acute gastroen-
teritis in Shenzhen harboured PeV-A.

Seasonal variation in the rate of PeV-A infection has been
reported previously, and it varies widely depending on the
region of the world, the year, and the PeV-A genotypes [15,
17, 35, 36]. A distinct seasonality pattern was observed in
our study, with a high frequency of PeV-A infection between
July and September corresponding to the summer and rainy
months in southern China. This temporal distribution dif-
fered slightly from those reported in other regions of China
where the incidence of PeV-A infections peaked in July-
August (Shanghai [19], Lanzhou [7], Guangzhou [15]) and
in September-January (Hong Kong [17]).

Coinfection with other enteric viruses was observed in
PeV-A-positive samples in our study, with norovirus being
the most common coinfecting virus, which is consistent with
a previous study [27]. However, some studies have found
rotavirus to be the most common coinfecting virus in PeV-A-
positive samples [15, 18, 37]. This difference might be due
to the different populations studied and different geographi-
cal locations examined. PeV-A is regarded as an “uncertain”
cause of acute gastroenteritis because other gastroenteritis-
associated pathogens are also frequently found in the same
stool samples. An alternative interpretation of mixed infec-
tions with gastroenteritis-associated pathogens is that PeV-A
might cause synergistic effects and exacerbation of acute
gastroenteritis [38]. Thus, PeV-A might be only a latent or
opportunistic pathogen in the gastrointestinal tract that is
activated when an individual is infected with another virus
[39].

Phylogenetic analysis revealed the presence of seven dif-
ferent PeV-A genotypes (PeV-A 1A, PeV-A 1B, PeV-A 3,
PeV-A 4, PeV-A 5, PeV-A 6 and PeV-A 14) in Shenzhen
during 2016-2018. The PeV-A isolates from this study were
genetically close to those circulating in Asia (China, Japan
and South Korea), Europe (Germany, Italy and the Nether-
lands), West Africa (Ghana), and Australia, suggesting the
prevalence of PeV-A worldwide. The majority of the PeV-A
isolates from Shenzhen showed a high degree of nucleotide
sequence similarity to each other and were closely related
to Chinese strains from Guangzhou, Lanzhou, Shanghai,
Jilin, Zhejiang, Jiangsu, Beijing and Taiwan, indicating
endemic circulation of PeV-A in Shenzhen. PeV-A 1 was
the most predominant genotype in children with acute gas-
troenteritis, which is in agreement with previous studies [15,
29, 39-41]. Phylogenetic analysis of the PeV-A 1 strains
revealed the existence of two clusters, with the majority of
the PeV-A 1 strains clustering in the PeV-A 1B clade. The
predominance of PeV-A 1B isolates in Shenzhen contrasts
with the reported predominance of PeV-A 1A isolates in
India [26]. Generally, PeV-A 1B appears to be responsible
for gastrointestinal syndrome and is often associated with
acute gastroenteritis and watery diarrhea in children [32].
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We also found that a high detection rate of PeV-A 4 is a
notable epidemiological feature in Shenzhen. Our results
was similar to those reported from the neighboring cities
Hong Kong [17] and Guangzhou [15]. PeV-A 3 was rarely
detected in this study. However, its prevalence was high in
Asia [26, 27] and Europe [42]. It is noteworthy that PeV-A 5,
PeV-A 6 and PeV-A 14, which are rarely reported genotypes,
were detected unexpectedly in this study. A rapid increase in
the number of PeV-A 14 strains was observed during 2016-
2018. Notably, a PeV-A 14 isolate (Shenzhen570/2018) was
segregated to a single branch and showed 77.3%-78.5%
nucleotide sequence identity to other PeV-A 14 isolates from
Shenzhen. The range of nucleotide sequence identity is less
than the cutoff value described previously for genotyping
of PeV-A isolates [43], which suggests the circulation of a
PeV-A14 variant in Shenzhen.

In summary, we have examined the prevalence and
genetic diversity of PeV-A in young children with acute gas-
troenteritis in Shenzhen, southern China, during 2016-2018.
Coinfections with PeV-A or NoV, RV, AdV and AstV were
detected in 42 of 1220 stool specimen. Routine screening for
PeV-A is necessary to clarify its role in acute gastroenteritis.
The epidemiology, biology and pathogenicity of PeV-A are
still unclear. Therefore, the association of PeV-A infection
with clinical manifestations needs to be investigated in more
detail in future studies. More-detailed genotyping is also
necessary to understand transmission patterns and strain-
specific disease associations.

Acknowledgements This work was supported by the Shenzhen Science
and Technology Research Project (JCYJ20160428172437446). We are
grateful to the pediatricians from the sentinel surveillance system for
viral diarrhea in Shenzhen, China.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Animal and human rights statement This article does not contain
any studies with animals or human subjects performed by any of the
authors.

References

1. Joki-Korpela P, Hyypia T (2001) Parechoviruses, a novel group
of human picornaviruses. Ann Med 33(7):466—471. https://doi.
org/10.3109/07853890109002095

2. Bottcher S, Obermeier PE, Diedrich S, Kabore Y, D’Alfonso R,
Pfister H, Kaiser R, Di Cristanziano V (2017) Genome sequence
of novel human parechovirus type 17. Genome Announc. https://
doi.org/10.1128/genomea.01649-16

3. Graul S, Bottcher S, Eibach D, Krumkamp R, Kasmaier J, Adu-
Sarkodie Y, May J, Tannich E, Panning M (2017) High diversity
of human parechovirus including novel types in stool samples

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

from Ghanaian children. J Clin Virol 96:116-119. https://doi.
org/10.1016/j.jcv.2017.10.008

Nix WA, Khetsuriani N, Penaranda S, Maher K, Venczel L, Cselko
Z, Freire MC, Cisterna D, Lema CL, Rosales P, Rodriguez JR,
Rodriguez W, Halkyer P, Ronveaux O, Pallansch MA, Oberste MS
(2013) Diversity of picornaviruses in rural Bolivia. J] Gen Virol
94(9):2017-2028. https://doi.org/10.1099/vir.0.053827-0
Hyypia T, Horsnell C, Maaronen M, Khan M, Kalkkinen N,
Auvinen P, Kinnunen L, Stanway G (1992) A distinct picornavirus
group identified by sequence analysis. Proc Natl Acad Sci USA
89(18):8847-8851. https://doi.org/10.1073/pnas.89.18.8847
Harvala H, Simmonds P (2009) Human parechoviruses: biology,
epidemiology and clinical significance. J Clin Virol 45(1):1-9.
https://doi.org/10.1016/j.jcv.2009.03.009

Guo Y, Duan Z, Qian Y (2013) Changes in human parechovirus
profiles in hospitalized children with acute gastroenteritis after
a three-year interval in Lanzhou, China. PLoS One. https://doi.
org/10.1371/journal.pone.0068321

Tauriainen S, Martiskainen M, Oikarinen S, Lonnrot M, Viskari
H, Ilonen J, Simell O, Knip M, Hyoty H (2007) Human pare-
chovirus 1 infections in young children—no association with type
1 diabetes. J] Med Virol 79(4):457-462. https://doi.org/10.1002/
jmv.20831

Benschop KS, Schinkel J, Minnaar RP, Pajkrt D, Spanjerberg L,
Kraakman HC, Berkhout B, Zaaijer HL, Beld MG, Wolthers KC
(2006) Human parechovirus infections in Dutch children and the
association between serotype and disease severity. Clin Infect Dis
42(2):204-210. https://doi.org/10.1086/498905

Esposito S, Rahamat-Langendoen J, Ascolese B, Senatore L, Cas-
tellazzi L, Niesters HG (2014) Pediatric parechovirus infections. J
Clin Virol 60(2):84—89. https://doi.org/10.1016/].jcv.2014.03.003
Boivin G, Abed Y, Boucher FD (2005) Human parechovirus 3 and
neonatal infections. Emerg Infect Dis 11(1):103-105. https://doi.
org/10.3201/eid1101.040606

Levorson RE, Jantausch BA (2009) Human parechoviruses. Pedi-
atr Infect Dis J 28(9):831-832. https://doi.org/10.1097/INF.0b013
e3181badbba

Pajkrt D, Benschop KS, Westerhuis B, Molenkamp R, Spanjerberg
L, Wolthers KC (2009) Clinical characteristics of human pare-
choviruses 4-6 infections in young children. Pediatr Infect Dis J
28(11):1008-1010. https://doi.org/10.1097/INF.0b013e3181a7ab5
f

Shan TL, Guo W, Cui L, Shang XG, Dai XQ, Yuan CL, Yuy,
Zhang W, Zhu JG, Shen Q (2009) The first detection of human
parechovirus infections in China. J Clin Virol 45(4):371-372.
https://doi.org/10.1016/j.jcv.2009.05.033

Chen H, Yao Y, Liu X, Xiao N, Xiao Y, Huang Y, Chen Q, Yu
S (2014) Molecular detection of human parechovirus in chil-
dren with acute gastroenteritis in Guangzhou, China. Arch Virol
159(5):971-977. https://doi.org/10.1007/s00705-013-1915-0
Chen HF, Zheng XY, Chen XM, Shi TL, Yao YX, Yuan Q, Chen
Q, Yu SY (2015) Diversity and recombination of human parecho-
virus in children with acute gastroenteritis in Guangzhou, China.
J Med Virol 87(2):296-302. https://doi.org/10.1002/jmv.24030
Chiang GPK, Chen Z, Chan MCW, Lee SHM, Kwok AK, Yeung
ACM, Nelson EAS, Hon KL, Leung TF, Chan PKS (2017) Clini-
cal features and seasonality of parechovirus infection in an Asian
subtropical city, Hong Kong. PLoS One. https://doi.org/10.1371/
journal.pone.0184533

Zhang DL, Jin Y, Li DD, Cheng WX, Xu ZQ, Yu JM, Jin M,
Yang SH, Zhang Q, Cui SX, Liu N, Duan ZJ (2011) Prevalence
of human parechovirus in Chinese children hospitalized for acute
gastroenteritis. Clin Microbiol Infect 17(10):1563—-1569. https://
doi.org/10.1111/5.1469-0691.2010.03390.x

Zhong H, Lin Y, Sun J, SuL, Cao L, Yang Y, Xu J (2011) Preva-
lence and genotypes of human parechovirus in stool samples from

@ Springer


https://doi.org/10.3109/07853890109002095
https://doi.org/10.3109/07853890109002095
https://doi.org/10.1128/genomea.01649-16
https://doi.org/10.1128/genomea.01649-16
https://doi.org/10.1016/j.jcv.2017.10.008
https://doi.org/10.1016/j.jcv.2017.10.008
https://doi.org/10.1099/vir.0.053827-0
https://doi.org/10.1073/pnas.89.18.8847
https://doi.org/10.1016/j.jcv.2009.03.009
https://doi.org/10.1371/journal.pone.0068321
https://doi.org/10.1371/journal.pone.0068321
https://doi.org/10.1002/jmv.20831
https://doi.org/10.1002/jmv.20831
https://doi.org/10.1086/498905
https://doi.org/10.1016/j.jcv.2014.03.003
https://doi.org/10.3201/eid1101.040606
https://doi.org/10.3201/eid1101.040606
https://doi.org/10.1097/INF.0b013e3181badb6a
https://doi.org/10.1097/INF.0b013e3181badb6a
https://doi.org/10.1097/INF.0b013e3181a7ab5f
https://doi.org/10.1097/INF.0b013e3181a7ab5f
https://doi.org/10.1016/j.jcv.2009.05.033
https://doi.org/10.1007/s00705-013-1915-0
https://doi.org/10.1002/jmv.24030
https://doi.org/10.1371/journal.pone.0184533
https://doi.org/10.1371/journal.pone.0184533
https://doi.org/10.1111/j.1469-0691.2010.03390.x
https://doi.org/10.1111/j.1469-0691.2010.03390.x

1384

Y.Zhu et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Qs

hospitalized children in Shanghai, China, 2008 and 2009. ] Med
Virol 83(8):1428-1434. https://doi.org/10.1002/jmv.22114
Kumthip K, Khamrin P, Ushijima H, Maneekarn N (2019) Enteric
and non-enteric adenoviruses associated with acute gastroenteritis
in pediatric patients in Thailand, 2011 to 2017. PLoS One. https
://doi.org/10.1371/journal.pone.0220263

Nix WA, Maher K, Johansson ES, Niklasson B, Lindberg AM,
Pallansch MA, Oberste MS (2008) Detection of all known pare-
choviruses by real-time PCR. J Clin Microbiol 46(8):2519-2524.
https://doi.org/10.1128/jcm.00277-08

Harvala H, Robertson I, McWilliam Leitch EC, Benschop K,
Wolthers KC, Templeton K, Simmonds P (2008) Epidemiol-
ogy and clinical associations of human parechovirus respira-
tory infections. J Clin Microbiol 46(10):3446-3453. https://doi.
org/10.1128/jcm.01207-08

Tippmann HF (2004) Analysis for free: comparing programs
for sequence analysis. Brief Bioinform 5(1):82-87. https://doi.
org/10.1093/bib/5.1.82

Thompson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W:
improving the sensitivity of progressive multiple sequence align-
ment through sequence weighting, position-specific gap penalties
and weight matrix choice. Nucleic Acids Res 22(22):4673—-4680.
https://doi.org/10.1093/nar/22.22.4673

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S
(2011) MEGAS: molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum par-
simony methods. Mol Biol Evol 28(10):2731-2739. https://doi.
org/10.1093/molbev/msr121

Patil PR, Ganorkar NN, Gopalkrishna V (2018) Epidemiology
and genetic diversity of human parechoviruses circulating among
children hospitalised with acute gastroenteritis in Pune, Western
India: a 5-years study. Epidemiol Infect 146(1):11-18. https://doi.
org/10.1017/s095026881700262x

Pham NTK, Thongprachum A, Shimizu Y, Trinh QD, Okitsu S,
Komine-Aizawa S, Shimizu H, Hayakawa S, Ushijima H (2019)
Diversity of human parechovirus in infants and children with
acute gastroenteritis in Japan during 2014-2016. Infect Genet
Evol 75:104001. https://doi.org/10.1016/j.meegid.2019.104001
Malasao R, Khamrin P, Kumthip K, Ushijima H, Maneekarn N
(2019) Molecular epidemiology and genetic diversity of human
parechoviruses in children hospitalized with acute diarrhea in
Thailand during 2011-2016. Adv Virol 164(7):1743-1752. https
://doi.org/10.1007/s00705-019-04249-2

Han TH, Kim CH, Park SH, Chung JY, Hwang ES (2011) Detec-
tion of human parechoviruses in children with gastroenteri-
tis in South Korea. Adv Virol 156(8):1471-1475. https://doi.
org/10.1007/s00705-011-0995-y

Baumgarte S, de Souza Luna LK, Grywna K, Panning M, Drexler
JF, Karsten C, Huppertz HI, Drosten C (2008) Prevalence, types,
and RNA concentrations of human parechoviruses, including a
sixth parechovirus type, in stool samples from patients with acute
enteritis. J Clin Microbiol 46(1):242-248. https://doi.org/10.1128/
jem.01468-07

Chieochansin T, Vichiwattana P, Korkong S, Theamboonlers A,
Poovorawan Y (2011) Molecular epidemiology, genome charac-
terization, and recombination event of human parechovirus. Virol-
ogy 421(2):159-166. https://doi.org/10.1016/j.virol.2011.09.021

pringer

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ghazi F, Ataei Z, Dabirmanesh B (2012) Molecular detection of
human parechovirus type 1 in stool samples from children with
diarrhea. Int J Infect Dis 16(9):673-676. https://doi.org/10.1016/j.
1jid.2012.05.1020

Erhunmwunse IP, Eghafona Nosakhare O (2015) Viral agents
of diarrhea in young children in two primary health centers
in Edo State, Nigeria. Int J Microbiol 2015:1-5. https://doi.
org/10.1155/2015/685821

Harvala H, Wolthers KC, Simmonds P (2010) Parechoviruses in
children: understanding a new infection. Curr Opin Infect Dis
23(3):224-230

Huang YP, Hsieh JY, Wu HS, Yang JY (2016) Molecular and epi-
demiological study of human parechovirus infections in Taiwan,
2007-2012. J Microbiol Immunol Infect 49(3):321-328. https://
doi.org/10.1016/§.jmii.2014.06.013

Watanabe K, Hirokawa C, Tazawa T (2016) Seropositivity and
epidemiology of human parechovirus types 1, 3, and 6 in Japan.
Epidemiol Infect 144(16):3451-3460. https://doi.org/10.1017/
S0950268816001795

Aizawa Y, Saitoh A (2015) Human Parechoviruses. Uirusu
65(1):17-26. https://doi.org/10.2222/jsv.65.17

Lai CC, Wu FT, Ji DD, Mu JJ, Yang JR, Chiu KT, Lin WY, Li CY,
Fu YP, Chen WT, Lee BC, Jiang DD, Yen MY, Wu HS (2011)
Gastroenteritis in a Taipei emergency department: aetiology and
risk factors. Clin Microbiol Infect 17(7):1071-1077. https://doi.
org/10.1111/j.1469-0691.2010.03377.x

Chen X, Shi T, Huang J, Xiao G, Huang J, Xiong Y, Li X, Chen
H, Zheng X, Yu S, Chen Q (2018) Molecular detection and phylo-
genetic analysis of human parechovirus in individuals with acute
diarrhea and healthy controls in Guangzhou, China. J Med Virol
90(9):1444-1452. https://doi.org/10.1002/jmv.25222

Pham NTK, Sayaka T, Dinh Nguyen T, Quang Duy T, Chandra
A, Asiri A, Pattara K, Shoko O, Hiroyuki S, Masashi M (2011)
Human parechovirus infection in children hospitalized with acute
gastroenteritis in Sri Lanka. J Clin Microbiol 49(1):364—-366. https
://doi.org/10.1128/JCM.02151-10

Benschop K, Thomas X, Serpenti C, Molenkamp R, Wolthers K
(2008) High prevalence of human Parechovirus (HPeV) geno-
types in the Amsterdam region and identification of specific HPeV
variants by direct genotyping of stool samples. J Clin Microbiol
46(12):3965. https://doi.org/10.1128/JCM.01379-08

Isabelle S, Etienne J, Yves G, Béatrice K, Genevieve B, Daniel
F, Bruno L, Florence M (2012) Human parechovirus infections,
Lyon, France, 2008-2010: evidence for severe cases. J Clin Virol
54(4):337-341. https://doi.org/10.1016/j.jcv.2012.04.016

Nix WA, Mabher K, Pallansch MA, Oberste MS (2010) Parecho-
virus typing in clinical specimens by nested or semi-nested PCR
coupled with sequencing. J Clin Virol 48(3):202-207. https://doi.
0rg/10.1016/j.jcv.2010.04.007

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1002/jmv.22114
https://doi.org/10.1371/journal.pone.0220263
https://doi.org/10.1371/journal.pone.0220263
https://doi.org/10.1128/jcm.00277-08
https://doi.org/10.1128/jcm.01207-08
https://doi.org/10.1128/jcm.01207-08
https://doi.org/10.1093/bib/5.1.82
https://doi.org/10.1093/bib/5.1.82
https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1017/s095026881700262x
https://doi.org/10.1017/s095026881700262x
https://doi.org/10.1016/j.meegid.2019.104001
https://doi.org/10.1007/s00705-019-04249-2
https://doi.org/10.1007/s00705-019-04249-2
https://doi.org/10.1007/s00705-011-0995-y
https://doi.org/10.1007/s00705-011-0995-y
https://doi.org/10.1128/jcm.01468-07
https://doi.org/10.1128/jcm.01468-07
https://doi.org/10.1016/j.virol.2011.09.021
https://doi.org/10.1016/j.ijid.2012.05.1020
https://doi.org/10.1016/j.ijid.2012.05.1020
https://doi.org/10.1155/2015/685821
https://doi.org/10.1155/2015/685821
https://doi.org/10.1016/j.jmii.2014.06.013
https://doi.org/10.1016/j.jmii.2014.06.013
https://doi.org/10.1017/S0950268816001795
https://doi.org/10.1017/S0950268816001795
https://doi.org/10.2222/jsv.65.17
https://doi.org/10.1111/j.1469-0691.2010.03377.x
https://doi.org/10.1111/j.1469-0691.2010.03377.x
https://doi.org/10.1002/jmv.25222
https://doi.org/10.1128/JCM.02151-10
https://doi.org/10.1128/JCM.02151-10
https://doi.org/10.1128/JCM.01379-08
https://doi.org/10.1016/j.jcv.2012.04.016
https://doi.org/10.1016/j.jcv.2010.04.007
https://doi.org/10.1016/j.jcv.2010.04.007

	Prevalence and molecular characterization of parechovirus A in children with acute gastroenteritis in Shenzhen, 2016–2018
	Abstract
	Introduction
	Materials and methods
	Collection of clinical samples
	RNA extraction, PeV-A detection, and VP3VP1 amplification
	Sequence analysis
	Nucleotide sequences accession numbers
	Statistical analysis

	Results
	Epidemiology of PeV-A in Shenzhen during 2016-2018
	Coinfection with enteric diarrhea viruses and distribution of PeV-A genotypes
	Phylogenetic analysis

	Discussion
	Acknowledgements 
	References




