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Abstract: Acute gastroenteritis (AGE) has a major impact on morbidity and mortality worldwide.
The viral aetiology of diarrhoeal diseases may remain unknown due to limited diagnostic facilities.
Non-polio enteroviruses (NPEVs) are the third most frequent pathogen detected in stool specimens
from AGE cases, yet their potential role in AGE is uncertain. In Nepal, limited data are available on
NPEVs, due to both the lack of an adequate surveillance program and the availability of tests. The
global polio eradication initiative effort of the WHO has eradicated the incidence of poliomyelitis
and acute flaccid paralysis (AFP) from many parts of the world, including Nepal. However, cases of
AFP associated with NPEVs have been reported in different countries, including the neighbouring
India. This study aims to investigate the diarrhoeal stool samples from a birth cohort until the age of
36 months for NPEVs and the genotype diversity of NPEV in community children with diarrhoea.
A total of 280 longitudinal diarrhoeal stool samples that were negative for other enteric pathogens
were tested using RT-PCRs. NPEVs was detected in 97 stool specimens (34.6%) and were significantly
more frequent in infants up to one year of age. This study identified 17 various NPEV types, with the
dominating species being Enterovirus B (EV-B). Ten different types of echoviruses were recorded in
this study, with the two rare NPEVs B74 and A120. Based on prevalence, seasonality, and diversity,
further studies are warranted to investigate the role of enterovirus in diarrhoeal disease.
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1. Introduction

Non-polio enteroviruses (NPEVs) are single-stranded RNA viruses belonging to four
species of enterovirus (A to D) in the family Picornavirididae. These viruses are respon-
sible for a range of manifestations in humans, covering asymptomatic, mild, and severe
and life-threatening illness [1,2]. Some NPEVs have been associated with acute flaccid
paralysis (AFP), with a clinical presentation similar to poliomyelitis caused by poliovirus.
Moreover, some strains of NPEVs have been reported to cause infections such as hand,
foot, and mouth disease, meningitis, encephalitis, paralysis, and myocarditis. NPEVs are
transmitted through the faecal–oral route and are common in infants, mostly presenting as
an asymptomatic infection [3].

The global effort led by the World Health Organization has reduced the global inci-
dence of poliomyelitis. With this successful eradication program, wild poliovirus, which
is a cause of AFP, has been eliminated from most parts of the world, including Nepal.
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However, cases of AFP associated with NPEVs have, in later years, been reported in dif-
ferent countries, including India [4]. In 2014, a large outbreak associated with enterovirus
D68 (EV-D68) with severe respiratory illness and AFP was reported [5]. Even though
EV infections are asymptomatic, they have shown associations with many diseases, for
example, aseptic meningitis is caused by echovirus 30, EV-A71 [6], EV-D70, and CV-A24
cause acute haemorrhagic conjunctivitis, and several coxsackievirus types, A6 (CV-A6) and
CV-A10, typically cause hand, foot, and mouth disease (HFMD) [7].

Studies on NPEVs have not confirmed any association of EV infection with diarrheal
diseases. However, EV infection has been reported and documented in a number of studies
investigating acute diarrhoea. Echovirus 11, CV-A6, CV-B2, PV3, CV-B4, E18, and CV-
A2 were detected in the stool of children with acute diarrhoea in the Hebei province of
China [8,9]. Echovirus type 6 was reported in an outbreak of gastroenteritis among children
in Japan [10]. Similarly, E11 and Coxsackie B6 have been reported in acute gastroenteritis
in different countries such as Malaysia [11], India [12], and Brazil [13].

There is no NPEVs surveillance program in Nepal. The epidemiological studies on
EV infection and information on the genotypic diversity of EVs are limited. Therefore, this
study aimed to determine the prevalence of NPEVs in stool samples that were negative
for other common diarrheal etiologies in children below 3 years of age and perform a
molecular characterization of the EVs circulating in children with diarrhea in Nepal. This
study will provide scientific information for assessing the requirement of establishing an
NPEVs surveillance program for generating robust data for public health planning.

2. Materials and Methods
2.1. Study Population and Data Collection

The Malnutrition due to Enteric Diseases (MAL-ED) study conducted in Nepal was
part of a multi-centre birth cohort study carried out in 8 different countries. The MAL-
ED study in Nepal enrolled 240 newborn babies from the Bhaktapur community. The
newborns within 17 days of birth were enrolled over the period of two years, then followed
up with different measurements until three years of age. The cohort represents a peri
urban community in Nepal, one of south Asia’s least developed countries. Detailed
information about the site was described in a previously published paper [14]. The MAL-
ED study consists of eight birth cohorts worldwide followed throughout the first years of
life (originally 0 to 36 months of age). Active surveillance for infectious diseases, general
child health information, and basic dietary intake was undertaken by visiting each home
twice per week. Upon enrolment, each child’s date of birth, sex, and birth weight (if
available) were recorded, information about the initiation of breastfeeding was noted, and
the child’s length, weight, and head circumference were measured. Stool samples were
collected every month from birth until 24 months, then quarterly, as well as during each
episode of diarrhoea (defined as ≥3 loose stools in a 24 h period and separated by ≥2
diarrhoea-free days).

2.2. Study Type and Sample Size

Our study is a retrospective study that includes the diarrheal stool samples collected
between 2010–2015 from 131 children (0–36 months age) enrolled in the birth cohort of
the MAL-ED study. In total, 280 stool samples that tested negative for bacteria (Salmonella,
Shigella, Campylobacter, Vibrio, Aeromonas, Plesiomonas, and E. coli), parasites (Giardia, E.
Histolytica, Cryptosporidium, and Cyclospora), and enteric viruses (Astrovirus, Rotavirus,
and Adenovirus) were included in the study. The details of the testing procedure for
the different pathogens included in the MAL-ED project were described in previously
published articles [14,15].

2.3. Ethic Approval

The study was approved by the ethics committee of the Nepal Health Research Council
(NHRC) as a national IRB of Nepal (Reg. 222/2015) and the Norwegian regional committee
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for medical and health research ethics (REK-sør-øst B 42335). Written informed consent
was obtained from the guardians of every child participating.

2.4. Nucleic Acid Extraction

A 10% suspension of faecal samples was prepared in 0.85% NaCl and centrifuged at
4000× g for 20 min. One hundred and forty microliters of the supernatant were used as
a starting material for the viral nucleic acid extraction, which was performed manually
by using the QiaAmp Viral RNA Mini Kit (QIAGEN, Hilden, Germany) according to the
manufacturers’ instructions. The RNA extracted material was used as a template for the
real-time RT-PCRs.

2.5. Real Time RT PCR of EV

Real-time RT-PCRs were performed on the stool samples using primers that targeted
the highly conserved region suitable for the NPEV types (A to D) in the Picornavirididae
family. The primers applied for the screening of enterovirus were published by Rotbart
et al., (1990) [16–19] using genus-specific primers targeted to the 5′ non-translated region
(NTR), generating 120 base pairs amplicon from the 5′ NTR of entero- and rhinoviruses. The
forward primer was located in the 450–470 genomic region in the 5′ NTR region, as were
several other primers described previously for the detection of enteroviruses [18,20–23].
The genome was amplified using the One Step RT-PCR Kit (QIAGEN, Hilden, Germany)
on the Rotor Gene cycler system (Corbett/QIAGEN, Hilden, Germany), applying 30 min at
50 ◦C and 15 min at 95 ◦C, followed by 45 cycles of 15 s at 94 ◦C and 60 s at 63 ◦C.

2.6. Enterovirus Typing

The samples positive for enterovirus detected using a real-time PCR (Ct value < 30)
were further evaluated using Sanger sequencing to determine the serotype. A portion of
the VP1 region (capsid gene) was used for molecular typing, as described in the Nix et al.
protocol [24]. The resulting DNA templates were sequenced on an ABI Prism 3500 Genetic
Analyzer using the Big Dye Terminator Cycle Sequencing Kit v.1.1 (Applied Biosystems,
Foster City, CA, USA) with primers AN89 and AN88. The sequences were analysed and
aligned using Sequencer version 5.4.6 (GeneCodes) against the reference strains. The
NCBI basic local alignment search tool (BLAST) was used to identify the serotypes. The
sequences for the stool specimens described here have been deposited in the GenBank
sequence database (accession numbers OQ348761 to OQ348783).

2.7. Statistical Analysis

The descriptive variables were recorded as means and standard deviations. A chi-
square test of independence was performed to examine the relation between the age
categories and seasonality. p values of <0.05 were considered to be statistically significant.

3. Results

In 131 children, 71 males and 60 females, NPEVs were detected in 49.6% (65/131)
of them. The median age of the children included was 7.45 months. The minimum and
maximum breastfeeding lengths among the enrolled children were recorded as 10 days
and 6.6 months, respectively. The longitudinal number of stool samples collected in this
study varied from one to a maximum of six diarrheal stool samples per individual child. In
total, 280 diarrheal stool samples were analysed from 131 children. Out of the 280 stool
samples collected, EV was detected in 34.6% of them (97/280). The associations of EV with
gender, different age groups, and season are shown in Table 1. Infants up to one year of age
showed a higher frequency of NPEV detection compared to older age groups (Figure 1).

NPEVs were found all year round, with the highest number being detected in the
months of January and August (Figure 2); overall, most cases occurred in the summer and
winter (Table 1). However, there was no statistically significant association between NPEV
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detection and season (p > 0.05). Multiple episodes of NPEV infections were detected in
19 children (2 episodes in 10 children, 3 episodes in 6 children, and 4 episodes in 3 children.

Table 1. Age and seasonal distribution of NPEV.

Characteristics (n) EV Positive Percentage p Value *

Age in Months 0.17

<6 (117) 48 41
6–12 (64) 22 34.4

12–24 (67) 20 29.8
25–36 (32) 7 21.9

Seasons 0.15

Spring, Mar–May (84) 25 29.8
Summer, Jun–Aug (68) 29 42.6
Autumn, Sept–Nov (57) 15 26.3

Winter, Dec–Feb (71) 28 39.4

* Two-tailed χ2 test.
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Figure 1. Detection of NPEV in different age groups of children.
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Two species of Enteroviruses, Enterovirus A and B (EV-A and EV-B) with 17 different
genotypes were identified (Table 2). The majority of the genotyped viruses, 78.3%, belonged
to the EV-B species. Echoviruses were the most detected types and were found in 60.9%
of the sequenced stool samples, followed by Coxsackievirus B and A (CV-B and CV-A).
Ten different Echoviruses were detected in the stool samples. The uncommon serotypes
EV-A120 and EV-B74 were also identified in the stool samples from the children.

Table 2. Numbers (%) of NPEV species and serotypes detected by Sanger sequencing of stool samples.

EV Species EV Serotype No. of Typed Virus (%)

EV-A
Coxsackievirus (CV-A2) 3 (13)
Coxsackievirus (CV-A4) 1 (4.3)
Enterovirus (EV-A120) 1 (4.3)

EV-B

Coxsackievirus (CV-B2) 1 (4.3)
Coxsackievirus (CV-B4) 1 (4.3)
Coxsackievirus (CV-B6) 1 (4.3)

Echovirus (E-1) 1 (4.3)
Echovirus (E-2) 1 (4.3)
Echovirus (E-5) 1 (4.3)
Echovirus (E-6) 2 (8.7)
Echovirus (E-9) 1 (4.3)

Echovirus (E-11) 1 (4.3)
Echovirus (E-17) 1 (4.3)
Echovirus (E-19) 3 (13)
Echovirus (E-20) 1 (4.3)
Echovirus (E-30) 2 (8.7)

Enterovirus (EV-B74) 1 (4.3)

Total 23

4. Discussion

This is the first study investigating NPEV infections in stool samples from a birth
cohort of infants and young children in Nepal. In our study, 34.6% of the diarrhoea stool
samples from children that were negative for other enteric pathogens tested in the MAL-ED
study were positive for EVs. The prevalence of EVs in children with gastroenteritis has been
reported in different countries, ranging from 24 to 40% [9]. In an Indian study, 18–21% of
NPEV-associated infections were reported in children with diarrhoea, raising the question
of their significance in diarrhoea [25,26]. The high prevalence of NPEVs shows the value
of monitoring NPEVs in children, even after the eradication of polio, to understand the
epidemiology for planning appropriate public health measures.

NPEV infections occur globally, exhibiting a peak in summer and autumn in temperate
climates [3]. We observed NPEVs in the samples collected almost year-round and the
incidence peaked in the months of January and August. This is in contrast to the findings
of Shobha et al. [27] and Bubba et al. [28], who reported a high prevalence of NPEVs in the
autumn and winter.

Most NPEV infections accompanied by clinical symptoms result in unspecific febrile
illness, although more severe disease can occur with the replication of the virus in various
target organs, including the central nervous system. The primary replication of NPEVs
takes place in either the respiratory or gastrointestinal tract, resulting in the shedding of
the virus in stool; still, enteroviruses do not seem to cause gastrointestinal diseases [29].
This could be reason for the NPEVs detected in healthy children being asymptomatic and
not being regarded as diarrheal pathogens [30,31]. Nevertheless, the significant association
of enterovirus infection with gastroenteritis disease and persistent diarrhoea has been
described in many studies [25,32,33].

EV-A is known to be the main pathogen responsible for hand, foot, and mouth disease
(HFMD) [34] and there have been reports of EV-A invading the nervous system, with the
majority of these occurring in Asia [35]. EV-A71, CV-A16, and CV-A6 are common types
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associated with HFMD outbreaks. The emergence of CV-A4 and CV-A2 has been reported
in China [36,37], Korea [38], and Thailand [39], which has been associated with HFMD or
herpangina outbreaks, even though these cases were less severe than ones with EV-A71 [40].
In our study, we identified CV-A4 and CV-A2 serotypes in children less than 5 years of age
with symptoms of diarrhoea, which had not been reported previously. In addition to the
more common NPEV types, we found the recently characterized EV-A120 in one of the
children with diarrhoea. There have been no reported cases of EV-A120 in Nepal to date.
The first case of EV-A120 was reported in Madagascar in 2011, which was isolated from the
faeces of a healthy 3-year-old child [3]. Later, a few countries such as Papua New Guinea,
Nigeria, France, Pakistan, and Tajikistan isolated the EV-A120 strain. In Papua New Guinea
and Nigeria, the EV-A120 strains were isolated from patients with AFP and in France,
Pakistan, and other parts of Africa, the EV-A120 strains were isolated from wastewater [41].
The phylogenetic characteristics of EV-A120 from Tibet, China, have also been reported [41].
Although this is consistent with the pathogenic characteristics of enteroviruses, there
is still insufficient epidemiological and laboratory evidence to prove that EV-A120 is the
pathogenic pathogen of AFP. Apart from EV-A120, we also identified rare EV-B74 belonging
to the EV B species. In 2004, EV-B74 was proposed as a new serotype of the EV-B species
and isolated from AFP cases [42]. EV-B74 has been identified sporadically and reported in
the United States, Asia, Africa, New Zealand, and some countries in Europe [42–45]. So
far, EV-B74 has only been reported in one patient with AFP [46]. However, genetic data
from the New Zealand case do not support the hypothesis that AFP could be caused by
a distinct genetic lineage of EV-B74. Additionally, in some studies, there have been both
clinical and experimental investigations into EVs’ role in type 1 diabetes and increasing
evidence for a pathogenetic link with human enteroviruses, which can cause cell damage
in the pancreas [47,48]

Therefore, it is very important to have a more detailed characterization of the viral
genomes to understand the evolution of rare enteroviruses, assist in the assessment of
their potential threat as an emergent disease, and bridge a gap of knowledge on different
increasing diseases such as Type1 diabetes Mellitus.

In present study, there are some limitations. The small sample size and unequal distri-
bution of stool samples in each month may not have been ideal for the determination of the
seasonal distribution of the EVs. Another limitation was the lack of healthy control samples
for comparisons of the type-specific EVs present in the diarrheal and non-diarrheal stool
samples. However, though there were limitations, we identified the presence of various
genotypes of NPEVs in children with diarrhoea below 3 years of age who participated in
the birth cohort study. The study also identified rarely described enteroviruses in cases
suffering with diarrhoea, which explains the importance of a surveillance program for
monitoring the types of NPEVs circulating in Nepal.

5. Conclusions

In conclusion, our study provides valuable information about the genetic diversity of
NPEVs, including the rare types circulating among children with diarrhoea in Nepal. This
demonstrates the need for future surveillance strategies for monitoring the emergence and
re-emergence of NPEVs and studying the associations of NPEVs in diarrheal disease.
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