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Abstract: Enteroviruses (EVs) are highly prevalent viruses world-wide, causing a wide range of
diseases in both children and adults. Insight in the global prevalence of EVs is important to define
their clinical significance and total disease burden, and assists in making therapeutic decisions. While
many studies have been conducted to describe epidemiology of EVs in specific (sub)populations and
patient cohorts, little effort has been made to aggregate the available evidence. In the current study,
we conducted a search in the PubMed and Embase (Ovid) databases to identify articles reporting
EV prevalence and type distribution. We summarized the findings of 153 included studies. We
found that EVs are highly prevalent viruses in all continents. Enterovirus B was the most detected
species worldwide, while the other species showed continent-specific differences, with Enterovirus C
more detected in Africa and Enterovirus A more detected in Asia. Echovirus 30 was by far the
most detected type, especially in studies conducted in Europe. EV types in species Enterovirus B—
including echovirus 30—were often detected in patient groups with neurological infections and in
cerebrospinal fluid, while Enterovirus C types were often found in stool samples.

Keywords: enterovirus; epidemiology; prevalence; genotype

1. Introduction

Enteroviruses (EVs) are among the most prevalent viruses infecting humans world-
wide. There are 106 types currently known to infect humans, of which dozens are frequently
detected globally [1-4]. Most of these types were defined before sequencing techniques
were available on a large scale, and typing was performed based on the biological prop-
erties of these viruses in cell culture or mouse models. The EV types that were identified
during that period of time are still called coxsackie A viruses (CVA), coxsackie B viruses
(CVB), echoviruses (E) and polioviruses (PV). The newer types have been defined by analy-
sis of their viral protein 1 (VP1) region sequence, and their names consist of ‘Enterovirus’,
their species letter, and a consecutive number, starting with Enterovirus D68 (EV-D68) [5].
Each EV type that has been identified in humans falls into one of four species; Enterovirus
A, B, C or D. These species vary in size; species Enterovirus B contains more than half of all
known EVs (1 = 59), while only 4 Enterovirus D types have been defined (Table 1).

EVs are known to cause a wide spectrum of diseases, including encephalitis, menin-
gitis, myocarditis, hand-foot-mouth disease (HFMD), conjunctivitis, respiratory disease
and gastro-intestinal disease, but the majority of infections remain asymptomatic [6-12].
Some of these clinical symptoms are linked to specific types, such as EV-A71 and CVA16
to HFMD and CVB3 to myocarditis—while the clinical relevance for many of the types
known to infect humans, especially for those discovered in the past 20 years, is not well-
defined. Many prevalence studies have been conducted to describe EV prevalence and
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the distribution of the distinct EV types in cohorts of patients with specific symptoms—
such as gastro-enteritis, influenza-like illness or meningitis—and in asymptomatic cohorts.
In addition, surveillance studies report EV prevalence and EV types detected in larger
populations with less well-defined symptoms, such as all individuals tested for EVs at a
national level [2,4].

Table 1. Enterovirus types infecting humans by species [1]. CVA, Coxsackie A virus; CVB, Coxsackie
B virus; EV, enterovirus; E, echovirus; PV, poliovirus.

Species Types

CVA2-CVAS, CVA10, CVA12, CVA14, CVAl6
EV-A71, EV-A76, EV-A89-EV-A91, EV-A114, EV-A119-EV-A121

CVA9
CVB1-CVB6
Enterovirus B (n = 59) E1-E7, E9, E11-E21, E24-E27, E29-E33
EV-B69, EV-B73-EV-B75, EV-B77-EV-B88, EV-B93, EV-B97,
EV-B98, EV-B100, EV-B101, EV-B106, EV-B107, EV-B111
CVA1, CVA11, CVA13, CVA17, CVA19-CVA22, CVA24
PV1-PV3
EV-C95, EV-C96, EV-C99, EV-C102, EV-C104, EV-C105, EV-C109,
EV-C113, EV-C116-EV-C118

Enterovirus D (n = 4) EV-D68, EV-D70, EV-D9%4, EV-D111

Enterovirus A (n = 20)

Enterovirus C (n = 23)

Over the years, prevalence and surveillance studies have made use of different methods
to detect and type EVs. Whereas cell culture has been applied for many years to detect
presence of EVs in clinical samples, this changed with the introduction of sequencing. The
currently recommended method of detection is by a PCR targeting the 5 untranslated region
(UTR) of the virus, which has proven to be more sensitive than culture [13-15]. The transition
from serotyping by neutralization assays to genotyping by sequencing the VP1 region has also
increased sensitivity; as not all types could be isolated in the cell lines used, and antibodies
are lacking for strains detected after EV-A71, many types could not be serotyped [16].

Though many studies on EV prevalence have been conducted in either specific
(sub)populations or patient cohorts, few efforts have been made to aggregate the epidemio-
logical evidence to clearly display the worldwide prevalence, related type-distribution of
EVs and their clinical relevance. A review by Janes et al. including several large surveillance
studies—mainly applying virus isolation and serotyping methods—showed that globally,
Enterovirus B was the most prevalent species, with E30 and several other Enterovirus B
types as the most detected types. Enterovirus A appeared to be the predominant species in
Asia, mainly resulting from large outbreaks of HFMD caused by CVA16 and EVA71 [3].
The aim of this current review was to describe worldwide EV prevalence and the clinical
relevance of different EV species and types by their distribution in different continents and
clinical cohorts.

2. Methods
2.1. Literature Search and Data Extraction

On 12 June 2020, we performed a literature search in the PubMed and Embase (Ovid)
databases (Table 2), to identify publications on EV prevalence and type distribution. After
removal of duplicates, articles were screened on title and abstract and subsequently on
full text based on the inclusion and exclusion criteria by two reviewers (Table 2). As
the recommended methods to detect and type EVs are by PCR targeting the 5’UTR and
sequencing the VP1 region, respectively, only studies that applied these methods were
included. Studies that described EV prevalence and/or type distribution in a clinical cohort
with EV-type specific symptoms (e.g., HFMD or myocarditis) were excluded, as well as
studies on outbreaks of EVs, as they would wrongfully inflate prevalence numbers and
skew the type distribution towards specific types.
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Table 2. Search as conducted in the PubMed Database on December 6th 2019. All identified publica-
tions were screened and in- or excluded following the inclusion and exclusion criteria.

PubMed Database Search

(((enterovirus[MeSH Terms]) OR enterovirus* [tiab]) AND (prevalence[MeSH Terms] OR
epidemiology[MeSH Terms] OR prevalen* [tiab] OR epidemiolog* [tiab] OR “genotype”[MeSH
Terms] OR genotyp* [tiab] OR serotyp* [tiab] OR type* [tiab] OR typing [tiab] OR (public health

surveillance[MeSH Terms]) OR surveillan* [tiab])

Embase/Ovid Database Search

(exp Enterovirus/or enterovirus *.ti,ab,kw.) and (exp Prevalence/or exp Epidemiology/or exp
Genotype/or exp Public Health Surveillance/or (prevalen * or epidemiolog * or genotype * or
serotype * or type * or surveillan * or typing).ti,ab,kw.)

Inclusion Criteria

Observational studies reporting EV prevalence and/or type distribution found by detection or
typing of EVs from samples that are routinely used for EV screening from a specified
participant cohort.

Exclusion Criteria

Studies on comparison or validation of methods
Studies on a single or a subset of EV types
Studies on EV outbreaks
Reporting in a cohort with type-specific disease (e.g., HFMD and myocarditis)
Reporting in a cohort of participants with underlying diseases
Articles not available in English
No access to full text

Exclusion Criteria for Reports on EV Prevalence

Sample size < 100
Detection method other than PCR directed at the 5’UTR
Studies describing prevalence of EVs and rhinoviruses (RVs) combined

Exclusion Criteria for Reports on EV Type Distribution

<10 samples reported
Typing performed by any method other than by analysis of the (partial or full) VP1 sequence

Articles were included for analysis on EV prevalence or analysis on EV type distribu-
tion, or both. We extracted data on the number of samples tested and typed, continent and
country where the study was conducted, symptoms of the included participants, age of the
participants, sample type, EV prevalence and EV types detected from the included articles.
When no data on number of samples was available, number of included patients was
taken as a proxy. Sample type was recorded as one of five categories; gastrointestinal (fecal
samples and rectal swabs), cerebrospinal fluid (CSF), respiratory (e.g., nasopharyngeal
swabs and bronchoalveolar lavage), blood (including serum and plasma) and multiple
sample types. Clinical complaints were recorded as one of five categories; gastrointestinal,
neurological, respiratory, other or no symptoms. When the age limit of a pediatric popu-
lation was not specified, it was assumed individuals up to 18 years of age were included.
The quality of all included articles was assessed using quality control checklists for cross
sectional and case—control studies (Tables S1 and S2).

2.2. Statistical Analysis

Median EV prevalence and interquartile ranges (IQRs) weighted for the number of
tested samples were calculated overall and for different continents, symptom groups,
age groups and sample types. The proportion of each EV species was calculated for
continents for which at least ten studies describing EV type distribution were available.
Proportions corrected for the number of types per species (Table 1) were calculated as well.
The distribution of EV types was determined both globally, and in different continents,
symptom groups and sample types. All analyses were performed using R version 3.5.3.
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3. Results
3.1. The Included Studies

A total of 10,132 unique studies were identified in the search in the PubMed and
Embase (Ovid) databases. Eleven papers were added during the in- and exclusion through
chain-referral sampling. Screening on title and abstract and full text resulted in exclusion
of 9636 and 354 articles, respectively. A total of 153 studies were included for the current
study, of which 135 were included for analysis on EV prevalence and 47 were included
for analysis on EV type distribution (Figure 1, Table S3). The quality of the studies ranged
between 2/7 and 7/7 (Table 3).

Table 3. Frequency of quality scores for all 153 included papers. Quality was assessed using quality
assessment forms (Tables S1 and S2).

Quality Score 2 3 4 5 6 7
Number of Articles 5 10 29 61 28 20

Records identified through
,Jg__. database se_archlng Additional records identified
I+ (PmeEd_" = 9841, through other sources
e Embase (Ovid) n = 9758 ) (n=11)
£
)
hd
Records after duplicates removed
(n=10,143)
8o
£
c
o
=
0 Records screened Records excluded
(n=10,143) (n=9636)
—
Full-text articles assessed Full-text articles excluded,
z for eligibility with reasons
3 (n=507) (n=354)
)
w
Studies included
(n=153)
-]
3
% Studies included for Studies included for analysis
£ analysis on EV prevalence on EV type distribution
(n=135) (n=47)

—

Figure 1. Flow diagram displaying the number of studies identified, screened assessed for eligibility
and included [17].

Of the total number of studies, most were conducted in Europe (35.9%) and Asia
(37.3%), followed by Africa (13.1%) and North and South America (both 5.9%) (Figure 2A).
The duration of the inclusion period in 31.4% of the studies was one year or less, while
41.8% had an inclusion period of one to three years. Only two studies (1.3%) had an
inclusion period longer than ten years (Figure 2B). Only 17.0% of the studies had their
last inclusion before 2006, while 26.5%, 31.4% and 23.5% had their last inclusion date
before 2010, 2014 and 2018, respectively (Figure 2C). A large proportion of studies focused
on patient cohorts with neurological symptoms (including sepsis-like symptoms) (29.4%)
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or respiratory symptoms (including influenza-like illness) (25.5%). Studies including
patients with other symptoms or a variety of symptoms (often described as “suspected
EV infection’) and studies that included samples sent in for diagnostics were grouped
together as ‘other’ (23.5%) (Figure 2D). Most studies included exclusively children; 7.2%
of the studies included children up to three years, 13.7% up to 10 years and 32.0% up
to 18 years. Less than half (47.1%) of the studies included both children and adults,
or exclusively adults (Figure 2E). Gastro-intestinal samples (24.8%), CSF (24.2%%) and
respiratory samples (31.4%) were the sample types most often tested, while 17.6% of the
studies tested multiple sample types, in some cases also including urine or vesicular fluid
from blisters (Figure 2F).

A. Continent B. Duration
B Africa m <1year
@ Asia m 1-3years
B Europe m 3-5years
@ North-America m 5-10years
@ South-America @ > 10 years
O Oceania O Unknown
O Multiple
1%
% 13%
’ 418% 1.3%
L] 59%
C. Collection Date D. Symptoms
| <2006 W Gastro-Intestinal
@ 2007-2010 @ Neurological
255% | 2011-2014 204% ® Respiratory
@ 2015-2018 @ Other
2019-2020 No Symptoms
@ Unknown
17% 15.7%
07%
2%
59%
31.4% 255%
E. Age F. Sample Type
m <3years B Gastro-Intestinal
@ <10years @ CSF
m s18years B Respiratory
= >18years = Blood
2489 & Multiple
72%

17.6%

471%

Figure 2. Pie charts showing the characteristics of the included studies; (A) Continent where the study
was conducted (B) Duration of the inclusion period (C) Year in which the final inclusion/sample
collection took place (D) The sample type collected (E) The symptoms of the included study partici-
pants (F) The age of the included participants. The “>18’ category includes studies in both children
and adults and in exclusively adults. CSF; cerebrospinal fluid.
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3.2. Worldwide EV Prevalence and Type Distribution

Of the 153 included studies, 135 reported on EV prevalence. Overall, the range in
prevalence reported in the studies was wide, ranging from 0% in a Portuguese study on
respiratory samples obtained from elderly with acute respiratory infections [18] to 89.9% in
a Malawian cohort consisting of children under 5 years of age with and without anemia [10].
The median prevalence weighted for the number of samples tested in each study was 6.3%
(IOR 3.2-8.1%). The median EV prevalence in different continents ranged from 2.4% (in
South America) to 6.2% (in Europe) (Figure 3A).

A. Continent B. Symptoms

Prevalence (%)
8
l
Prevalence (%)
8
1

L f_-+ql.-i

8 3 3 8 a 5 e
o (7] = —
£ < S 5 5 5 & 5 S
fii] E £ o4
< < £
) ) A
=z (7] 2
=z
C. Age D. Sample Type
40 — 40

30

30

Prevalence (%)
Prevalence (%)

<3 Years

<10 Years

<18 Years

>18 years
C

Resp

Other

Figure 3. Weighted median prevalence of EVs by (A) Continent, (B) Sample type, (C) Symptoms of the
participants and (D) Age of the participants. N-America; North America, S-America; South America,
GI; gastrointestinal, Resp; respiratory, CNS; central nervous system, CSF; cerebrospinal fluid.

Most included studies were conducted on the Northern hemisphere, and reported
peaks in incidence mainly in summer and fall (June-November) [19-35]. One study from
Brazil—one of the few studies performed on the Southern Hemisphere—reported that EV
prevalence was higher in summer (December—March) [36].

Of the 153 included studies, 47 were included for analysis on EV type distribution.
A total of 82 EV types were detected in these studies, among which 17 types in species
Enterovirus A, 47 types in species Enterovirus B, 17 types in species Enterovirus C and one
type in species Enterovirus D. Species distribution was calculated overall, and for Africa,
Asia and Europe (Figure 4). North and South America and Oceania were excluded from
analysis on continent-specific species distribution, as only nine, nine and one studies
describing EV type distribution were included for these continents, respectively. Of the
four species, Enterovirus B was the most prevalent overall (Figure 4A). Corrected for the
number of types per species (20 for Enterovirus A, 59 for Enterovirus B, 23 for Enterovirus C
and 4 for Enterovirus D) (Table 1), Enterovirus B remained the predominant species in both
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Asia and Europe (Figure 4C,D) and Enterovirus C was the predominant species in Africa
(Figure 4B). The proportion of Enterovirus A was especially high in Asia, while Enterovirus
D was the second largest species in Europe (Figure 4C,D).

A. Overall
Uncorrected Corrected
M@ Enterovirus A
O Enterovirus B
@ Enterovirus C
O Enterovirus D
16.6%
69.0% 3.3%
11.1%
B. Africa
Uncorrected Corrected
21.4%
15.1%
1.1%
8.1%
C. Asia
Uncorrected Corrected

32.6%

20.7%

34.4%
2.0% ’

64.5%

12.8%

Figure 4. Cont.
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D. Europe

Uncorrected Corrected

15.8%

4.7%

0,
77.6% 20%

34.8%

Figure 4. Pie charts displaying the species distribution reported in (A) all studies describing EV type
distribution and in studies conducted in (B) Africa, (C) Asia and (D) Europe. Uncorrected pies display
the distribution as reported by the studies. Corrected pie charts display the distribution corrected for
the number of types in the species (20 in Enterovirus A, 59 in Enterovirus B, 23 in Enterovirus C and 4
in Enterovirus D).

Figure 5A shows the prevalence of individual virus types. Types CVA9, CVB1-5 and
several echoviruses—all within species Enterovirus B—were especially prevalent, with
echovirus 30 (E30) ranking highest. CVA6, CVA16 and EV-A71 were the most prevalent
types in species Enterovirus A. In species Enterovirus C, CVA13, CVA24 and EV-C99 were
the three types with highest prevalence. Species Enterovirus D was represented only by
type EV-D68. E30 was prevalent in Europe, while it was rarely found in Africa. In contrast,
Enterovirus C types CVA13, CVA20 and EV-C99, rarely found in Asia and Europe, were
prevalent in Africa (Figure 5A). The studies that described EV type distribution in North
America identified only types within Enterovirus B and CVA6, CVA10, CVA16 and EV-A71
within Enterovirus A. CVA9, CVB4 and E30 were the only types identified in the single
included study describing type distribution conducted in South-America.

3.3. EV Symptomatology

Median prevalence calculated from studies including patient cohorts with gastro-
intestinal, neurological, respiratory or other symptoms ranged between 3.9% and 6.5%
(Figure 3B). The group ‘other’ consisted mainly of studies on cohorts of patients with
clinically suspected (EV) infection. In patients with neurological symptoms, types within
species Enterovirus B were especially predominant. Studies on cohorts of patients with
respiratory symptoms often reported CVA types in Enterovirus A, Enterovirus D type EV-D68
and CVB1-5 in Enterovirus B (Figure 5B).

Median EV prevalence was higher in studies exclusively including children up to ten
years of age (14.4%) compared to studies including children up to three (10.8%) or eighteen
years of age (7.9%). The median prevalence in studies including adults was lowest at 6.2%
(Figure 3C). EV prevalence reported in studies with adult participants (>18 years) only
was even lower, ranging from 0% to 3.8% [18,37]. Several studies reported a higher preva-
lence in (young) children than in adults [19,26,29,30,35,38-43]. Some studies saw a higher
prevalence in young infants under three months of age compared to older children [44-48].

The median prevalence in gastro-intestinal samples was 8.8%, while the median
prevalence in CSF and respiratory samples was 4.9% and 3.4%, respectively. The median
prevalence in studies that included multiple sample types was 6.5% (Figure 3D). Most types
in both species Enterovirus A and Enterovirus B were detected in a variety of sample types,
often including both respiratory and gastrointestinal samples. Types in Enterovirus C were
detected almost exclusively in gastrointestinal samples, while Enterovirus D type EV-D68
was detected mainly in respiratory samples (Figure 5C). Studies including patients with
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neurological symptoms and studies on CSF samples showed high propm:tions of CVBi (;arrrli
echovirus types in Enterovirus B. Studies including patients with res.plratory s.ymII)4 ome
and studies on respiratory samples mainly detected CVAs and CVBs in Enterovirus

Enterovirus B, and EV-D68 in Enterovirus D (Figure 5B,C).
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4. Discussion

In the current review, we presented an overview of worldwide EV prevalence and
type distribution. We found that EVs are highly prevalent globally, with comparable EV
prevalence rates across continents. Enterovirus B was the most detected species worldwide.
However, it is also the species that contains more than half of the known EV types. After
correction for the number of types per species, Enterovirus B was still the most detected
species. We report on high prevalence of species Enterovirus C, Enterovirus A and Enterovirus
D in Africa, Asia and Europe, respectively. Although this distribution broadly reflects
the actual circulation of these viruses globally, the outcomes of this review are highly
dependent on the (various) cohorts’ characteristics of the included studies.

The high prevalence of Enterovirus D in Europe may be partially explained by the high
number of studies conducted in Europe that included respiratory samples specifically, as
EV-D68 is known to cause predominantly respiratory disease. Several studies conducted
on the African continent included asymptomatic participants (often children) of whom
stool samples were obtained. This could have skewed the detections towards species
Enterovirus C, as types within this species cause predominantly gastrointestinal symptoms,
and the prevalence in children specifically is high. However, these findings are in line
with findings in African environmental samples in which Enterovirus C strains are highly
prevalent [49,50]. Similarly, in environmental samples from Europe, Enterovirus B strains are
often predominant, in line with the results in this review [51-54]. Enterovirus C strains are
also often found in environmental samples in Europe, suggesting a widespread circulation
of this species in the European continent, which is in contrast with the low detection rate of
Enterovirus C shown in this review.

Although showing a high prevalence of Enterovirus A in Asia, it was not the pre-
dominant species. This is in contrast with a previous review where Enterovirus A was
the predominant species in this continent [3], and reports on outbreaks of HFMD and
herpangina due to EV-A71, CVA6 and CVA16 [55,56]. As we excluded reports on type-
specific disease (such as HFMD and herpangina), our results may more accurately reflect
the overall circulation of the different EV types and species. However, as we excluded the
type-specific disease in this review, we may underestimate the clinical relevance of these
Enterovirus A types.

The information available on North and South America was limited. Though the USA
has an EV surveillance system in place and frequently reports the results [2,14,57,58], only
the most prevalent types are reported while a complete overview of all detected types is
not provided. As a result, we excluded these reports in our current review. However, these
reports describe a type distribution in line with the distribution in Europe; Enterovirus B
appears the predominant species, followed by Enterovirus D and Enterovirus A. CVA21 was
the only reported Enterovirus C type in these reports, while CVA9, CVB1-5, E6, E9, E11, E18,
E25 and E30 were the most frequently reported types in Enterovirus B. EV-A71 and CVA16
were most frequently reported in Enterovirus A and EV-D68 was the only reported type in
Enterovirus D.

An abundance of types was found to circulate globally. Type E30 showed an extraor-
dinary peak in the proportion of genotypes, mainly in Europe, and was the most frequent
EV detected in patients with neurological symptoms. This is in line with frequent reports
of outbreaks of E30 related meningitis, both in Europe and in other continents [59-62],
and with seroepidemiological studies reporting high rates of E30 seropositivity already in
young age groups [63]. E30 has been reported to be genetically diverse, containing multiple
lineages that co-circulate within populations [64,65]. The high prevalence of E30 may be
the result of frequent emergence of lineages with a higher pathogenicity or transmissibility,
or fluctuating immunity levels in the population [65,66].

EVs belonging to species Enterovirus C were rarely found in the studies conducted in
Europe, while types belonging to this species appear to be abundant in Africa. While many
EV types in Enterovirus A and B are detected in different sample types, most Enterovirus C
types were found almost exclusively in stool samples, and Enterovirus D type EV-D68 was
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found almost exclusively in respiratory samples. Possibly, this indicates that the Enterovirus
C and D types are limited to infecting a single organ system or cell type, while viruses
belonging species Enterovirus A and Enterovirus B have a less exclusive cell tropism.

Surprisingly, the mean prevalence in asymptomatic subjects was higher than the mean
prevalence in studies including specific patient groups. The EV infections detected in
cohorts of healthy subjects may represent not only asymptomatic infections, but also reflect
prolonged asymptomatic viral fecal or respiratory shedding after symptomatic infections.
The high prevalence can further be explained by the fact that most studies on cohorts of
asymptomatic subjects tested EVs in stool samples, which have a higher prevalence rate
than other sample types. A total of twelve case-control studies were included in the current
review. Ten of those case-control studies reported a lower EV prevalence in the control
group than in the case group [25,67-75], while only two reported a higher EV prevalence
in the control group [20,76]. This supports the hypothesis that the high median prevalence
in asymptomatic participants is caused by limited comparability of the studies, rather than
based on a real higher prevalence in asymptomatic individuals.

Although EVs are prevalent in children and adults, their prevalence in young children
is higher as compared to adults.

Though much effort has been put into describing the epidemiology of EVs, the studies
performed differ in many aspects, such as patient cohorts and collected sample types as
highlighted in this review. The limited comparability between these studies, hampers the
possibility to draw conclusions from aggregated information. To improve this, studies
are needed that combine different clinical specimens or compare different patient groups.
Specifically, asymptomatic and control matched cohorts are of interest. Most studies
performed to date included patient groups with specified symptoms, though the majority
of EV infections remains asymptomatic. Studies on asymptomatic participants or studies
that include a control group will be important in estimating the real circulation of these
viruses. By obtaining multiple sample types from these cohorts, the differences between
the rates of and the EV types involved in respiratory and gastro-intestinal circulation can
be further elucidated.

In this review, we chose to only include studies reporting on EV prevalence by PCR
directed at the 5’"UTR and studies reporting EV type distribution by typing based on VP1
sequences. Usage of these specific methods for studying EV epidemiology is advised by
the European Non-Polio Enterovirus Network (ENPEN) [15], and exclusion of studies that
do not meet these requirements has likely limited detection bias in prevalence values and
underrepresentation of uncultivable EVs. However, this also vastly reduced the number of
articles eligible for inclusion. We hope that with the ENPEN guidelines in place, studies
that are to be conducted in the future will make use of the same, agreed upon methods,
increasing comparability of studies, and allowing us to draw broader conclusions on overall
EV epidemiology and disease burden.

Supplementary Materials: The following are available online at https://www.mdpi.com/1999-4
915/13/3/434/s1, Table S1: Quality Assessment Form Cross Sectional Studies, Table S2: Quality
Assessment Form Case Control Studies, Table S3: List of all included studies.

Author Contributions: Conceptualization: L.B., K.C.W. and D.P; Literature search and analysis: L.B.
and G.M.; writing: L.B., G.M., K.C.W. and D.P. All authors have read and agreed to the published
version of the manuscript.

Funding: G.M., K.C.W. and D.P. were funded by EU H2020 ITN grant number 812673 (OrganoVIR).
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Additional
information on the analyses performed in this study will be provided on request.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/1999-4915/13/3/434/s1
https://www.mdpi.com/1999-4915/13/3/434/s1

Viruses 2021, 13, 434 12 of 15

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Picornaviridae. Available online: www.picornaviridae.com (accessed on 1 June 2020).

Khetsuriani, N.; Lamonte-Fowlkes, A.; Oberst, S.; Pallansch, M.A.; Centers for Disease Control and Prevention. Enterovirus
surveillance—United States, 1970-2005. MMWR Surveill. Summ. 2006, 55, 1-20.

Janes, V.A.; Minnaar, R.; Koen, G.; van Eijk, H.; Dijkman-de Haan, K.; Pajkrt, D.; Wolthers, K.C.; Benschop, K.S. Presence of
human non-polio enterovirus and parechovirus genotypes in an Amsterdam hospital in 2007 to 2011 compared to national and
international published surveillance data: A comprehensive review. EuroSurveillance 2014, 19, 20964. [CrossRef] [PubMed]
Bubba, L.; Broberg, E.K.; Jasir, A.; Simmonds, P.; Harvala, H. Enterovirus Study Collaborators. Circulation of non-polio
enteroviruses in 24 EU and EEA countries between 2015 and 2017: A retrospective surveillance study. Lancet Infect. Dis. 2020, 20,
350-361. [CrossRef]

Simmonds, P.; Gorbalenya, A.E.; Harvala, H.; Hovi, T.; Knowles, N.J.; Lindberg, A.M.; Oberste, M.S.; Palmenberg, A.C.; Reuter,
G.; Skern, T.; et al. Recommendations for the nomenclature of enteroviruses and rhinoviruses. Arch. Virol. 2020, 165, 793-797.
[CrossRef] [PubMed]

Aswathyraj, S.; Arunkumar, G.; Alidjinou, E.K.; Hober, D. Hand, foot and mouth disease (HFMD): Emerging epidemiology and
the need for a vaccine strategy. Med. Microbiol. Immunol. 2016, 205, 397-407. [CrossRef] [PubMed]

Gaaloul, I; Riabi, S.; Evans, M.; Hunter, T.; Huber, S.; Aouni, M. Coxsackievirus B heart infections and their putative contribution
to sudden unexpected death: An 8-year review of patients and victims in the coastal region of Tunisia. Forensic Sci. Int. 2016, 268,
73-80. [CrossRef]

Royston, L.; Tapparel, C. Rhinoviruses and Respiratory Enteroviruses: Not as Simple as ABC. Viruses 2016, 8, 16. [CrossRef]
Rudolph, H.; Schroten, H.; Tenenbaum, T. Enterovirus Infections of the Central Nervous System in Children: An Update. Pediatr.
Infect. Dis. J. 2016, 35, 567-569. [CrossRef]

Brouwer, L.; van der Sanden, SM.G.; Calis, ]J.C.J.; Bruning, A.H.L.; Wang, S.; Wildenbeest, J.G.; Rebers, S.P.H.; Phiri, K.S.;
Westerhuis, B.M.; van Hensbroek, M.B.; et al. High frequency of Polio-like Enterovirus C strains with differential clustering of
CVA-13 and EV-C99 subgenotypes in a cohort of Malawian children. Arch. Virol. 2018, 163, 2645-2653. [CrossRef]

Gosert, R.; Heininger, U.; Hirsch, H.H. Enterovirus detection in patients with acute gastroenteritis in Switzerland. J. Med. Virol.
2018, 90, 685-691. [CrossRef]

Sousa, I.P, Jr.; Burlandy, EM.; Ferreira, J.L.; Alves, ]J.C.S.; Sousa-Junior, E.C.; Tavares, EN.; da Silva, E.E. Re-emergence of a
coxsackievirus A24 variant causing acute hemorrhagic conjunctivitis in Brazil from 2017 to 2018. Arch. Virol. 2019, 164, 1181-1185.
[CrossRef]

Abbasian, F; Tabatabaie, H.; Sarijloo, M.; Shahmahmoodi, S.; Yousefi, A.; Saberbaghi, T.; Mokhtari Azad, T.; Nategh, R. A
comparative analysis of routine techniques: Reverse transcriptase polymerase chain reaction (RT-PCR) and five cell lines for
detection of enteroviruses in stool specimens. Iran. J. Microbiol. 2011, 3, 75-79.

Abedi, G.R.; Watson, J.T.; Pham, H.; Nix, W.A.; Oberste, M.S.; Gerber, S.I. Enterovirus and Human Parechovirus Surveillance—
United States, 2009-2013. MMWR Morb. Mortal. Wkly. Rep. 2015, 64, 940-943. [CrossRef]

Harvala, H.; Broberg, E.; Benschop, K.; Berginc, N.; Ladhani, S.; Susi, P.; Christiansen, C.; McKenna, J.; Allen, D.; Makiello, P; et al.
Recommendations for enterovirus diagnostics and characterisation within and beyond Europe. J. Clin. Virol. 2018, 101, 11-17.
[CrossRef]

Muir, P.; Kammerer, U.; Korn, K.; Mulders, M.N.; Poyry, T.; Weissbrich, B.; Kandolf, R.; Cleator, G.M.; van Loon, A.M. Molecular
typing of enteroviruses: Current status and future requirements. The European Union Concerted Action on Virus Meningitis and
Encephalitis. Clin. Microbiol. Rev. 1998, 11, 202-227. [CrossRef]

Mobher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for systematic reviews and meta-analyses:
The PRISMA statement. PLoS Med. 2009, 6, €1000097. [CrossRef] [PubMed]

Chasqueira, M.].; Paixao, P; Rodrigues, M.L.; Piedade, C.; Caires, I.; Palmeiro, T.; Botelho, M.A.; Santos, M.; Curran, M.; Guiomar,
R.; et al. Respiratory infections in elderly people: Viral role in a resident population of elderly care centers in Lisbon, winter
2013-2014. Int. |. Infect. Dis. 2018, 69, 1-7. [CrossRef] [PubMed]

Stellrecht, K.A.; Harding, I.; Woron, A.M.; Lepow, M.L.; Venezia, R.A. The impact of an enteroviral RT-PCR assay on the diagnosis
of aseptic meningitis and patient management. J. Clin. Virol. 2002, 25 (Suppl. 1), S19-526. [CrossRef]

Rihkanen, H.; Ronkko, E.; Nieminen, T.; Komsi, K.L.; Raty, R.; Saxen, H.; Ziegler, T.; Roivainen, M.; Soderlund-Venermo, M.;
Beng, A.L.; et al. Respiratory viruses in laryngeal croup of young children. J. Pediatr. 2008, 152, 661-665. [CrossRef] [PubMed]
Jeong, E.J.; Lee, ].H.; Kim, M.S.; Bae, G.R.; Jung, C.; Lee, K.; Choi, SM.; Kim, D.K,; Lee, D.S.; Kim, W.D.; et al. Molecular
characterization of enteroviruses detected in Gyeong-Ju and Po-Hang provinc-es of Korea in 2003. Arch. Virol. 2010, 155,
1707-1712. [CrossRef] [PubMed]

Tryfonos, C.; Richter, J.; Koptides, D.; Yiangou, M.; Christodoulou, C.G. Molecular typing and epidemiology of en-teroviruses in
Cyprus, 2003-2007. ]. Med. Microbiol. 2011, 60 Pt 10, 1433-1440. [CrossRef]

Cabrerizo, M.,; Trallero, G.; Echevarria, ].E.; Moreno-Docon, A.; Pena, M.].; Perez-Ruiz, M.; Avellon, A.; de Ory, E,; Meningitis,
E.S.S.G. Molecular characterization of enteroviruses associated with neurological infections in Spain, 2008. J. Med. Virol. 2013, 85,
1975-1977. [CrossRef] [PubMed]


www.picornaviridae.com
http://doi.org/10.2807/1560-7917.ES2014.19.46.20964
http://www.ncbi.nlm.nih.gov/pubmed/25425513
http://doi.org/10.1016/S1473-3099(19)30566-3
http://doi.org/10.1007/s00705-019-04520-6
http://www.ncbi.nlm.nih.gov/pubmed/31980941
http://doi.org/10.1007/s00430-016-0465-y
http://www.ncbi.nlm.nih.gov/pubmed/27406374
http://doi.org/10.1016/j.forsciint.2016.09.014
http://doi.org/10.3390/v8010016
http://doi.org/10.1097/INF.0000000000001090
http://doi.org/10.1007/s00705-018-3878-7
http://doi.org/10.1002/jmv.25005
http://doi.org/10.1007/s00705-019-04157-5
http://doi.org/10.15585/mmwr.mm6434a3
http://doi.org/10.1016/j.jcv.2018.01.008
http://doi.org/10.1128/CMR.11.1.202
http://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://doi.org/10.1016/j.ijid.2018.01.012
http://www.ncbi.nlm.nih.gov/pubmed/29391246
http://doi.org/10.1016/S1386-6532(02)00030-6
http://doi.org/10.1016/j.jpeds.2007.10.043
http://www.ncbi.nlm.nih.gov/pubmed/18410770
http://doi.org/10.1007/s00705-010-0755-4
http://www.ncbi.nlm.nih.gov/pubmed/20640907
http://doi.org/10.1099/jmm.0.029892-0
http://doi.org/10.1002/jmv.23693
http://www.ncbi.nlm.nih.gov/pubmed/23893817

Viruses 2021, 13, 434 13 of 15

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Hyeon, ].Y,; Hwang, S.; Kim, H.; Song, J.; Ahn, J.; Kang, B.; Kim, K.; Choi, W.; Chung, ] K.; Kim, C.H.; et al. Accuracy of diagnostic
methods and surveillance sensitivity for human enterovirus, South Korea, 1999-2011. Emerg. Infect. Dis. 2013, 19, 1268-1275.
[CrossRef]

Kumar, A.; Shukla, D.; Srivastava, S.; Idris, M.Z.; Dhole, T.N. High frequency of enterovirus serotype circulation in a densely
populated area of India. J. Infect. Dev. Ctries 2013, 7, 475-483. [CrossRef]

Ayukekbong, J.A.; Fobisong, C.; Lindh, M.; Nkuo-Akenyji, T.; Bergstrom, T.; Norder, H. Molecular analysis of entero-virus in
Cameroon by partial 5UTR-VP4 gene sequencing reveals a high genetic diversity and frequency of infec-tions. . Med. Virol. 2014,
86,2092-2101. [CrossRef]

Hara, M,; Takao, S.; Shimazu, Y.; Nishimura, T. Three-year study of viral etiology and features of febrile respiratory tract infections
in Japanese pediatric outpatients. Pediatr. Infect. Dis. ]. 2014, 33, 687-692. [CrossRef] [PubMed]

Thongprachum, A.; Takanashi, S.; Kalesaran, A.F.; Okitsu, S.; Mizuguchi, M.; Hayakawa, S.; Ushijima, H. Four-year study of
viruses that cause diarrhea in Japanese pediatric outpatients. J. Med. Virol. 2015, 87, 1141-1148. [CrossRef] [PubMed]
Wieczorek, M.; Figas, A.; Krzysztoszek, A. Enteroviruses Associated with Aseptic Meningitis in Poland, 2011-2014. Pol. ].
Microbiol. 2016, 65, 231-235. [CrossRef] [PubMed]

Bubba, L.; Martinelli, M.; Pellegrinelli, L.; Primache, V.; Tanzi, E.; Pariani, E.; Binda, S. A 4-year Study on Epidemiologic and
Molecular Characteristics of Human Parechoviruses and Enteroviruses Circulating in Children Younger Than 5 Years in Northern
Italy. Pediatr. Infect. Dis. ]. 2017, 36, 13-19. [CrossRef]

Cordey, S.; Schibler, M.; L'Huillier, A.G.; Wagner, N.; Goncalves, A.R.; Ambrosioni, J.; Asner, S.; Turin, L.; Posfay-Barbe,
K.M.; Kaiser, L. Comparative analysis of viral shedding in pediatric and adult subjects with central nervous system-associated
enterovirus infections from 2013 to 2015 in Switzerland. J. Clin. Virol. 2017, 89, 22-29. [CrossRef]

Pham, N.T.K.; Thongprachum, A.; Trinh, Q.D.; Okitsu, S.; Komine-Aizawa, S.; Shimizu, H.; Hayakawa, S.; Ushiji-ma, H.
Detection and genetic characterization of enterovirus strains circulating among children with acute gastro-enteritis in Japan
during 2014-2016. Infect. Genet. Evol. 2018, 61, 16-19. [CrossRef] [PubMed]

Sano, K.; Hamada, H.; Hirose, S.; Sugiura, K.; Harada, S.; Koizumi, M.; Hara, M.; Nishijima, H.; Taira, M.; Ogura, A.; et al.
Prevalence and characteristics of human parechovirus and enterovirus infection in febrile infants. Pediatr. Int. 2018, 60, 142-147.
[CrossRef]

de Jong, E.P; van den Beuken, M.G.A.; van Elzakker, E.P.M.; Wolthers, K.C.; Sprij, A.J.; Lopriore, E.; Walther, EJ.; Brus, F.
Epidemiology of Sepsis-like Illness in Young Infants: Major Role of Enterovirus and Human Parechovirus. Pediatr. Infect. Dis. J.
2018, 37, 113-118. [CrossRef] [PubMed]

Richter, J.; Tryfonos, C.; Christodoulou, C. Molecular epidemiology of enteroviruses in Cyprus 2008-2017. PLoS ONE 2019,
14, 0220938. [CrossRef]

Vidal, L.R.; Almeida, S.M.; Messias-Reason, 1.].; Nogueira, M.B.; Debur Mdo, C.; Pessa, L.F; Pereira, L.A.; Rotta, I.; Takahashi,
G.R;; Silveira, C.S,; et al. Enterovirus and herpesviridae family as etiologic agents of lymphomonocytary meningitis, Southern
Brazil. Arq. Neuropsiquiatr. 2011, 69, 475-481. [CrossRef]

Bellei, N.; Carraro, E.; Perosa, A.; Watanabe, A.; Arruda, E.; Granato, C. Acute respiratory infection and influenza-like illness viral
etiologies in Brazilian adults. |. Med. Virol. 2008, 80, 1824-1827. [CrossRef]

Siafakas, N.; Attilakos, A.; Vourli, S.; Stefos, E.; Meletiadis, J.; Nikolaidou, P.; Zerva, L. Molecular detection and identification of
enteroviruses in children admitted to a university hospital in Greece. Mol. Cell. Probes 2011, 25, 249-254. [CrossRef]

de Ory, E; Avellon, A.; Echevarria, ].E.; Sanchez-Seco, M.P.; Trallero, G.; Cabrerizo, M.; Casas, I.; Pozo, F; Fedele, G.; Vicente, D.;
et al. Viral infections of the central nervous system in Spain: A prospective study. J. Med. Virol. 2013, 85, 554-562. [CrossRef]
[PubMed]

Lekana-Douki, S.E.; Nkoghe, D.; Drosten, C.; Ngoungou, E.B.; Drexler, ]J.F; Leroy, E.M. Viral etiology and seasonality of
influenza-like illness in Gabon, March 2010 to June 2011. BMC Infect. Dis. 2014, 14, 373. [CrossRef]

Patil, PR.; Chitambar, S.D.; Gopalkrishna, V. Molecular surveillance of non-polio enterovirus infections in patients with acute
gastroenteritis in Western India: 2004-2009. J. Med. Virol. 2015, 87, 154-161. [CrossRef] [PubMed]

Fall, A.; Dia, N.; Kebe, O.; Sarr, ED.; Kiori, D.E.; Cisse el, H.A; Sy, S.; Goudiaby, D.; Richard, V.; Diop, O.M.; et al. Enteroviruses
and Rhinoviruses: Molecular Epidemiology of the Most Influenza-Like Illness Associated Viruses in Senegal. Am. |. Trop. Med.
Hyg. 2016, 95, 339-347. [CrossRef]

Chansaenroj, J.; Tuanthap, S.; Thanusuwannasak, T.; Duang-In, A.; Klinfueng, S.; Thaneskongtong, N.; Vutithanachot, V,;
Vongpunsawad, S.; Poovorawan, Y. Human enteroviruses associated with and without diarrhea in Thailand between 2010 and
2016. PLoS ONE 2017, 12, e0182078. [CrossRef]

Rotbart, H.A.; McCracken, G.H., Jr.; Whitley, R.J.; Modlin, J.E; Cascino, M.; Shah, S.; Blum, D. Clinical significance of enteroviruses
in serious summer febrile illnesses of children. Pediatr. Infect. Dis. ]. 1999, 18, 869-874. [CrossRef] [PubMed]

Harvala, H.; Calvert, J.; Van Nguyen, D.; Clasper, L.; Gadsby, N.; Molyneaux, P.; Templeton, K.; McWilliams Leitch, C.; Simmonds,
P. Comparison of diagnostic clinical samples and environmental sampling for enterovirus and parechovirus surveillance in
Scotland, 2010 to 2012. EuroSurveillance 2014, 19, 20772. [CrossRef] [PubMed]

Harvala, H.; Griffiths, M.; Solomon, T.; Simmonds, P. Distinct systemic and central nervous system disease patterns in enterovirus
and parechovirus infected children. |. Infect. 2014, 69, 69-74. [CrossRef] [PubMed]


http://doi.org/10.3201/eid1908.130496
http://doi.org/10.3855/jidc.2413
http://doi.org/10.1002/jmv.23926
http://doi.org/10.1097/INF.0000000000000227
http://www.ncbi.nlm.nih.gov/pubmed/24378946
http://doi.org/10.1002/jmv.24155
http://www.ncbi.nlm.nih.gov/pubmed/25881021
http://doi.org/10.5604/17331331.1204485
http://www.ncbi.nlm.nih.gov/pubmed/30015449
http://doi.org/10.1097/INF.0000000000001344
http://doi.org/10.1016/j.jcv.2017.01.008
http://doi.org/10.1016/j.meegid.2018.03.009
http://www.ncbi.nlm.nih.gov/pubmed/29540319
http://doi.org/10.1111/ped.13467
http://doi.org/10.1097/INF.0000000000001718
http://www.ncbi.nlm.nih.gov/pubmed/28763426
http://doi.org/10.1371/journal.pone.0220938
http://doi.org/10.1590/S0004-282X2011000400013
http://doi.org/10.1002/jmv.21295
http://doi.org/10.1016/j.mcp.2011.06.001
http://doi.org/10.1002/jmv.23470
http://www.ncbi.nlm.nih.gov/pubmed/23239485
http://doi.org/10.1186/1471-2334-14-373
http://doi.org/10.1002/jmv.23992
http://www.ncbi.nlm.nih.gov/pubmed/24903844
http://doi.org/10.4269/ajtmh.15-0799
http://doi.org/10.1371/journal.pone.0182078
http://doi.org/10.1097/00006454-199910000-00007
http://www.ncbi.nlm.nih.gov/pubmed/10530582
http://doi.org/10.2807/1560-7917.ES2014.19.15.20772
http://www.ncbi.nlm.nih.gov/pubmed/24762664
http://doi.org/10.1016/j.jinf.2014.02.017
http://www.ncbi.nlm.nih.gov/pubmed/24662038

Viruses 2021, 13, 434 14 of 15

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Harvala, H.; McLeish, N.; Kondracka, J.; McIntyre, C.L.; McWilliam Leitch, E.C.; Templeton, K.; Simmonds, P. Comparison
of human parechovirus and enterovirus detection frequencies in cerebrospinal fluid samples collected over a 5-year period in
edinburgh: HPeV type 3 identified as the most common picornavirus type. |. Med. Virol. 2011, 83, 889-896. [CrossRef]
Chakrabarti, P.; Warren, C.; Vincent, L.; Kumar, Y. Outcome of routine cerebrospinal fluid screening for enterovirus and human
parechovirus infection among infants with sepsis-like illness or meningitis in Cornwall, UK. Eur. ]. Pediatr. 2018, 177, 1523-1529.
[CrossRef]

Ndiaye, A.K.; Diop, P.A.; Diop, O.M. Environmental surveillance of poliovirus and non-polio enterovirus in urban sewage in
Dakar, Senegal (2007-2013). Pan Afr. Med. ]. 2014, 19, 243. [CrossRef]

Majumdar, M.; Klapsa, D.; Wilton, T.; Bujaki, E.; Fernandez-Garcia, M.D.; Faleye, T.O.C.; Oyero, A.O.; Adewumi, M.O.; Ndiaye,
K.; Adeniji, J.A.; et al. High Diversity of Human Non-Polio Enterovirus Serotypes Identified in Contaminated Water in Nigeria.
Viruses 2021, 13, 249. [CrossRef]

Benschop, K.5S.M.; van der Avoort, H.G; Jusic, E.; Vennema, H.; van Binnendijk, R.; Duizer, E. Polio and Measles Down the Drain:
Environmental Enterovirus Surveillance in the Netherlands, 2005 to 2015. Appl. Environ. Microbiol. 2017, 83. [CrossRef]

Pogka, V.; Labropoulou, S.; Emmanouil, M.; Voulgari-Kokota, A.; Vernardaki, A.; Georgakopoulou, T.; Mentis, A.F. Laboratory
Surveillance of Polio and Other Enteroviruses in High-Risk Populations and Environmental Samples. Appl. Environ. Microbiol.
2017, 83. [CrossRef]

Majumdar, M.; Martin, J. Detection by Direct Next Generation Sequencing Analysis of Emerging Enterovirus D68 and C109
Strains in an Environmental Sample From Scotland. Front. Microbiol. 2018, 9, 1956. [CrossRef] [PubMed]

Bisseux, M.; Debroas, D.; Mirand, A.; Archimbaud, C.; Peigue-Lafeuille, H.; Bailly, J.L.; Henquell, C. Monitoring of enterovirus
diversity in wastewater by ultra-deep sequencing: An effective complementary tool for clinical enterovirus surveillance. Water
Res. 2020, 169, 115246. [CrossRef]

Nhan, L.N.T.; Hong, N.T.T.; Nhu, L.N.T.; Nguyet, L.A.; Ny, N.-T.H.; Thanh, T.T.; Han, D.D.K,; Van, HM.T.; Thwaites, C.L.; Hien,
T.T.; et al. Severe enterovirus A71 associated hand, foot and mouth disease, Vietnam, 2018: Preliminary report of an impending
outbreak. EuroSurveillance 2018, 23, 1800590. [CrossRef]

Puenpa, J.; Auphimai, C.; Korkong, S.; Vongpunsawad, S.; Poovorawan, Y. Enterovirus A71 Infection, Thailand, 2017. Emerg.
Infect. Dis. 2018, 24, 1386-1387. [CrossRef] [PubMed]

Centers for Disease Control and Prevention. Nonpolio enterovirus and human parechovirus surveillance—United States,
2006-2008. MMWR Morb. Mortal. Wkly. Rep. 2010, 59, 1577-1580.

Abedi, G.R.; Watson, ].T.; Nix, W.A.; Oberste, M.S.; Gerber, S.I. Enterovirus and Parechovirus Surveillance—United States,
2014-2016. MMWR Morb. Mortal. Wkly. Rep. 2018, 67, 515-518. [CrossRef] [PubMed]

Osterback, R.; Kalliokoski, T.; Lahdesmaki, T.; Peltola, V.; Ruuskanen, O.; Waris, M. Echovirus 30 meningitis epidemic followed
by an outbreak-specific RT-qPCR. J. Clin. Virol. 2015, 69, 7-11. [CrossRef] [PubMed]

Broberg, E.K.; Simone, B; Jansa, J.; The Eu/Eea Member State, C. Upsurge in echovirus 30 detections in five EU/EEA countries,
April to September, 2018. EuroSurveillance 2018, 23, 1800537. [CrossRef]

Smuts, H.; Cronje, S.; Thomas, J.; Brink, D.; Korsman, S.; Hardie, D. Molecular characterization of an outbreak of enterovirus-
associated meningitis in Mossel Bay, South Africa, December 2015-January 2016. BMC Infect. Dis. 2018, 18, 709. [CrossRef]
Maruo, Y.; Nakanishi, M.; Suzuki, Y.; Kaneshi, Y.; Terashita, Y.; Narugami, M.; Takahashi, M.; Kato, S.; Suzuki, R.; Goto, A.; et al.
Outbreak of aseptic meningitis caused by echovirus 30 in Kushiro, Japan in 2017. J. Clin. Virol. 2019, 116, 34-38. [CrossRef]
[PubMed]

Lee, ].Y.; Seo, Y.; Choi, U.Y,; Kim, ]. H.; Kang, ].H. Seroepidemiology of echovirus 30 in Korean children. World |. Pediatr. 2017, 13,
611-614. [CrossRef] [PubMed]

Savolainen, C.; Hovi, T.; Mulders, M.N. Molecular epidemiology of echovirus 30 in Europe: Succession of dominant sublineages
within a single major genotype. Arch. Virol. 2001, 146, 521-537. [CrossRef]

Lema, C.; Torres, C.; Van der Sanden, S.; Cisterna, D.; Freire, M.C.; Gomez, R.M. Global phylodynamics of Echovirus 30 revealed
differential behavior among viral lineages. Virology 2019, 531, 79-92. [CrossRef] [PubMed]

Pons-Salort, M.; Grassly, N.C. Serotype-specific immunity explains the incidence of diseases caused by human enteroviruses.
Science 2018, 361, 800-803. [CrossRef]

Byington, C.L.; Taggart, EW.; Carroll, K.C.; Hillyard, D.R. A polymerase chain reaction-based epidemiologic investigation of
the incidence of nonpolio enteroviral infections in febrile and afebrile infants 90 days and younger. Pediatrics 1999, 103, E27.
[CrossRef]

Wiertsema, S.P.; Chidlow, G.R.; Kirkham, L.A.; Corscadden, K.J.; Mowe, E.N.; Vijayasekaran, S.; Coates, H.L.; Harnett, G.B.;
Richmond, P.C. High detection rates of nucleic acids of a wide range of respiratory viruses in the nasopharynx and the middle
ear of children with a history of recurrent acute otitis media. J. Med. Virol. 2011, 83, 2008-2017. [CrossRef]

Renois, F.; Leveque, N.; Deliege, P.G.; Fichel, C.; Bouin, A.; Abely, M.; N'Guyen, Y.; Andreoletti, L. Enteroviruses as major cause of
microbiologically unexplained acute respiratory tract infections in hospitalized pediatric patients. . Infect. 2013, 66, 494-502.
[CrossRef]

Perry Markovich, M.; Glatman-Freedman, A.; Bromberg, M.; Augarten, A.; Sefty, H.; Kaufman, Z.; Sherbany, H.; Regev, L.;
Chodick, G.; Mendelson, E.; et al. Back-to-school upper respiratory infection in preschool and primary school-age children in
Israel. Pediatr. Infect. Dis. . 2015, 34, 476-481. [CrossRef]


http://doi.org/10.1002/jmv.22023
http://doi.org/10.1007/s00431-018-3209-8
http://doi.org/10.11604/pamj.2014.19.243.3538
http://doi.org/10.3390/v13020249
http://doi.org/10.1128/AEM.00558-17
http://doi.org/10.1128/AEM.02872-16
http://doi.org/10.3389/fmicb.2018.01956
http://www.ncbi.nlm.nih.gov/pubmed/30186268
http://doi.org/10.1016/j.watres.2019.115246
http://doi.org/10.2807/1560-7917.ES.2018.23.46.1800590
http://doi.org/10.3201/eid2407.171923
http://www.ncbi.nlm.nih.gov/pubmed/29912701
http://doi.org/10.15585/mmwr.mm6718a2
http://www.ncbi.nlm.nih.gov/pubmed/29746455
http://doi.org/10.1016/j.jcv.2015.05.012
http://www.ncbi.nlm.nih.gov/pubmed/26209368
http://doi.org/10.2807/1560-7917.ES.2018.23.44.1800537
http://doi.org/10.1186/s12879-018-3641-4
http://doi.org/10.1016/j.jcv.2019.05.001
http://www.ncbi.nlm.nih.gov/pubmed/31082730
http://doi.org/10.1007/s12519-017-0058-x
http://www.ncbi.nlm.nih.gov/pubmed/28766163
http://doi.org/10.1007/s007050170160
http://doi.org/10.1016/j.virol.2019.02.012
http://www.ncbi.nlm.nih.gov/pubmed/30856485
http://doi.org/10.1126/science.aat6777
http://doi.org/10.1542/peds.103.3.e27
http://doi.org/10.1002/jmv.22221
http://doi.org/10.1016/j.jinf.2013.03.007
http://doi.org/10.1097/INF.0000000000000627

Viruses 2021, 13, 434 15 of 15

71.

72.

73.

74.

75.

76.

Pretorius, M.A.; Tempia, S.; Walaza, S.; Cohen, A.L.; Moyes, ].; Variava, E.; Dawood, H.; Seleka, M.; Hellferscee, O.; Treurnicht, F.;
et al. The role of influenza, RSV and other common respiratory viruses in severe acute respiratory infections and influenza-like
illness in a population with a high HIV sero-prevalence, South Africa 2012-2015. J. Clin. Virol. 2016, 75, 21-26. [CrossRef]
Hellferscee, O.; Tempia, S.; Walaza, S.; Variava, E.; Dawood, H.; Wolter, N.; Madhi, S.A.; du Plessis, M.; Cohen, C.; Treurnicht, EK.
Enterovirus genotypes among patients with severe acute respiratory illness, influenza-like illness, and asymptomatic individuals
in South Africa, 2012-2014. J. Med. Virol. 2017, 89, 1759-1767. [CrossRef]

Hassan, F.; Kanwar, N.; Harrison, C.J.; Halasa, N.B.; Chappell, ].D.; Englund, J.A.; Klein, E.].; Weinberg, G.A.; Szilagyi, P.G.;
Moffatt, M.E.; et al. Viral Etiology of Acute Gastroenteritis in <2-Year-Old US Children in the Post-Rotavirus Vaccine Era. J.
Pediatr. Infect. Dis. Soc. 2019, 8, 414-421. [CrossRef]

Shen, X.X.; Qiu, EZ,; Li, G.X.; Zhao, M.C.; Wang, ].; Chen, C.; Zhao, L.; Qi, J.J.; Liu, H.; Zhang, Y.; et al. A case control study on
the prevalence of enterovirus in children samples and its association with diarrhea. Arch. Virol. 2019, 164, 63—68. [CrossRef]
[PubMed]

Nguyen, T.TK.; Ngo, T.T; Tran, PM.; Pham, T.T.T.; Vu, HT.T.; Nguyen, N.T.H.; Thwaites, G.; Virtala, A K.; Vapalahti, O.; Baker, S.;
et al. Respiratory viruses in individuals with a high frequency of animal exposure in southern and highland Vietnam. . Med.
Virol. 2020, 92,971-981. [CrossRef] [PubMed]

Rhedin, S.; Lindstrand, A.; Hjelmgren, A.; Ryd-Rinder, M.; Ohrmalm, L.; Tolfvenstam, T.; Ortqvist, A.; Rotzen-Ostlund, M.;
Zweygberg-Wirgart, B.; Henriques-Normark, B.; et al. Respiratory viruses associated with community-acquired pneumonia in
children: Matched case-control study. Thorax 2015, 70, 847-853. [CrossRef] [PubMed]


http://doi.org/10.1016/j.jcv.2015.12.004
http://doi.org/10.1002/jmv.24869
http://doi.org/10.1093/jpids/piy077
http://doi.org/10.1007/s00705-018-4021-5
http://www.ncbi.nlm.nih.gov/pubmed/30255299
http://doi.org/10.1002/jmv.25640
http://www.ncbi.nlm.nih.gov/pubmed/31769525
http://doi.org/10.1136/thoraxjnl-2015-206933
http://www.ncbi.nlm.nih.gov/pubmed/26077969

	Introduction 
	Methods 
	Literature Search and Data Extraction 
	Statistical Analysis 

	Results 
	The Included Studies 
	Worldwide EV Prevalence and Type Distribution 
	EV Symptomatology 

	Discussion 
	References

