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Abstract

Background and aim: Human parechovirus (HPeV) has emerged as a pathogen associated with acute gastroenteri-
tis (AGE).

Aim: To detect the presence of HPeV in the stool samples from Egyptian children with AGE seeking care and the pos-
sibility of its co-infection with other enteric viruses.

Methodology: One hundred stool samples were collected from children attending Mansoura University Children’s
Hospital with AGE. HPeV and astrovirus were detected by reverse transcriptase-polymerase chain reaction (RT-PCR). At
the same time, detection of rotavirus antigen and norovirus was achieved by enzyme-linked immunosorbent assay
and rapid immunochromatographic method, respectively.

Results: The most frequently detected virus was rotavirus (39%), followed by norovirus (27%), HPeV (19%), and
astrovirus (12%). Interestingly, the single infection with HPeV was 5%. Among the 19 HPeV positive samples, the co-
infection of HPeV with other enteric viruses was detected in 9(43.9%) for rotavirus, 7(36.8%) for norovirus, 2(10.5%)
for astrovirus, in 3(15.8%) for rotavirus and norovirus and 1(5.3%) for norovirus and astrovirus. Regarding the clinical
presentation, there was no significant difference between children infected with HPeV alone and those infected with
viruses other than HPeV alone; fever (p =0.3), vomiting (p=0.12), abdominal pain (p =0.12), and grades of severity
(P=0.82). HPeV alone infected children were of mild severity (60%), and their main presenting symptom was fever
(60%).

Conclusions: Detection of HPeV as a single viral pathogen in the stool of some children with AGE showed that this
virus could be a causative agent of AGE in Egyptian children. Therefore, HPeV could be included as one of the viruses
screened for AGE diagnosis in children in Egypt.
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Introduction

Acute gastroenteritis (AGE) is a global infectious disease
in children with high morbidity and mortality [1]. The
pathogens associated with this infection include bacte-
ria, parasites, and viruses [2]. AGE-associated pathogens
include rotavirus A, norovirus, sapovirus, astrovirus,
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adenovirus, enterovirus, and human bocavirus [3, 4].
AGE in children has been associated with HPeV in a pre-
vious study [5].

Human parechoviruses are related to enteroviruses in
the Picornaviridae family.

HPeVes are non-enveloped RNA viruses. There are six
species within the HPeV genus classified from A to F [1].
The species that affect humans is the HPeV A [6]. The
infection caused by HPeV A ranges from asymptomatic
infection to severe infections such as meningitis and sep-
sis [7]. According to the genotype, there are 19 genotypes
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of HPeV with a different spectrum of infections [8]. HPeV
genotype three is associated with sepsis and central
nervous system infection in neonates and young infants
[9]. The infection with HPeV associated with AGE is
expected in early infancy and children below two years.
The infection occurs through fecal-oral and respiratory
routes [10]. The average duration of shedding of HPeV in
the stool is more than 50 days [11].

The gold standard technique for laboratory diagnosis of
HPeV is the cultivation of the virus and serotyping [12,
13]. However, this method is low sensitivity and requires
a long time [14, 15]. Currently, the molecular method of
reverse transcriptase-polymerase chain reaction (RT-
PCR) has been used with good sensitivity [1].

In Egypt, various studies investigated various viruses
such as rotavirus, astrovirus, and norovirus as an etiolog-
ical pathogen in children with AGE [16], [17]. However,
there are no reports about HPeV association with AGE
in Egyptian children. Therefore, the present study aimed
to detect the presence of HPeV in the stool samples from
children with AGE by reverse transcriptase-polymerase
chain reaction (RT-PCR) as well as other enteric viruses;
astrovirus by R.T.- PCR; rotavirus by enzyme-linked
immunosorbent assay (ELISA) and norovirus by the
rapid immunochromatographic method.

Material and method

This cross-sectional study included 100 stool samples
from children with AGE. The children included had the
inclusion criteria. The sample size was calculated by the
non-probability sampling method as the sample size
depends upon the time of the study.

The children were recruited from Mansoura University
Children’s Hospital from November 2021 to May 2022.
The included children had AGE with age below five years.
The diarrhea was defined as >three episodes within 24 h
with or without vomiting, fever, and abdominal pain. The
severity of AGE was assessed according to the Vesikari
classification [18]. The stool samples were included after
excluding the common bacterial pathogens and parasitic
infestation by microbiological culture and microscopic
examination. The study was approved by the Mansoura
Faculty of Medicine Ethical Committee (R.21.11.1536).
The study was performed according to the declaration of
Helsinki.

Laboratory investigations

Each child’s stool sample was obtained in a clean con-
tainer and transported to the laboratory within 30 min.
All containers were autoclaved after overnight treatment
with diethylpyrocarbonate (1%) to inactivate the RNase.
The stool sample was divided into two aliquots, one for
detection of rotavirus by enzyme-linked immunosorbent
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assay (ELISA) and norovirus by rapid qualitative test
immunochromatographic test (The RIDA®QUICK-
R-Biopharm AG -An der Neuen Bergstrafle 1764297
Darmstadt, Germany). RT-PCR used the second aliquot
for viral nucleic acid extraction to detect astrovirus and
HPeV.

Detection of norovirus by immunochromatographic
method

This method is rapid for the qualitative detection of
norovirus genogroup 1 (G.I.) and genogroup 2 (GII) in
stool samples. The test was performed according to the
manufacturer’s manual. The sample was added to a dilu-
tion buffer supplied by the kit and thoroughly mixed.
The sample was allowed to stand for five minutes to yield
clear supernatant, then 150 pl were added to the sample
well in the test cassette. The result was available after
15 min.

Detection of astrovirus and HPeV by RT-PCR

RNA extraction from stool sample

RNA was extracted from the stool sample immediately
after delivery of the stool to the laboratory and then kept
frozen at — 80 °C until amplification procedures. The
fecal specimens were diluted (30%) with 0.01 M phos-
phate-buffered saline (pH=7.2) and then centrifuged
at 10,000g for 15 min. Supernatants were then used to
extract the viral nucleic acid using a QIAamp viral RNA
mini kit (Qiagen, Hilden, Germany).

Reverse transcription for extracted RNA

At first, the extracted RNA was incubated at 70 °C for
5 min for denaturation, then put on ice for 2 min. Then
incubation was performed with reverse transcriptase
enzyme for one hour at 42 °C by the use of Superscript
One-Step RT-PCR with Platinum® Taq kit (Invitrogen,
Carlsbad, CA, USA). The reverse transcription was car-
ried out on the extracted RNA for molecular detection of
astrovirus and HPeV.

PCR for astrovirus

The used primers for the detection of astrovirus are listed
in Table 1. The amplification procedure was previously
described [10]. It included 40 cycles of amplification
(94 °C/30 s, 50 °C/30 s, 72 °C/1 min), then extension at
72 °C for one minute. The PCR product was analyzed by
electrophoresis in 1.5% agarose gel stained with ethidium
bromide to visualize the amplified DNA. Sterile distilled
water was used as a negative control.

PCR for HPeV
The primers used to detect HPeV in the stool sample
were primers specific for the viral protein 1 (VP1) gene.
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Table 1 Primers used to detect astrovirus and HPeV and the
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Table 2 Frequency of the investigated viruses in 100 stool

amplicon size samples
Target gene Primer sequences bp Virus Positive Negative
No. (% No. (%

Astrovirus F: SCAACTCAGGAAACAGGGTGT3 449 - (%) - (%)
ORF2 R: 5 TCAGATGCATTGTCATTGGT3' Rotavirus 39(39) 51 (51)
(HPeV) F: 5/-CCAAAATTCRTGGGGTTC-3/ 760 Norovirus 27 (27) 73 (73)
VP1 R: 5'-AAACCYCTRTCTAAATAWGC-3/ )

Astrovirus 12(12) 88 (88)
VP1 viral protein 1, bp base pair HPeV 19(19) 81 (81)

The amplification was performed by the ready-to-use
Qiagen mixture (catalog No.-201443, Qiagen-19300 Ger-
mantown Rd Germantown MD 20874 USA). The prim-
er’s sequences are listed in Table 1.

With a total volume of 50-pL with 0.5 mmol/L of the
forward primer (VP1-F1) and 0.5 mmol/L of the reverse
primer (VP1-R1). The amplification reaction consisted
of cDNA synthesis at 45 °C for 30 min pr-denaturation
at 95 °C for 2 min, followed by PCR amplification for
45 cycles at 95 °C for 30 s, at 50 °C for 30 s, and 72 °C
for 1 min; followed by a final extension step at 72 °C for
7 min. PCR products were analyzed by electrophoresis
on a 1.5% agarose gel [19].

Statistical analysis

The data was analyzed by SPSS 22 program. The categori-
cal data were expressed as numbers and percentages and
compared by the Chi-square test. A p-value less than
(0.05) was considered significant.

Result

Demographic and clinical characteristics of the children
understudy

The study included 100 children with AGE with a
minimum age of 1.0 months and a maximum age of
59.0 months. The children were mainly from rural
regions (65%). In addition to diarrhea, they were pre-
sented with fever (38%), vomiting (32%), and abdominal
pain (38%). The severity, according to Vesikari classifica-
tion, was mild in (50%), moderate in (33%), and severe in
(17%) of the studied children.

Virological investigations of the stool samples

The viral study of the collected stool samples revealed
that the most common virus was rotavirus (39%), fol-
lowed by norovirus (27%), HPeV (19%), and astrovirus
(12%) (Table 2).

HPeV was detected in the examined stool sample either
as a single pathogen (5/100) or associated with the other
investigated viruses (14/100). Out of the 19 detected
HPeV, 9 (47.4%) were associated only with rotavirus, 7
(36.8%) were associated only with norovirus, 2 ((10.5%)

were associated only with astrovirus, 3 (15.8%) were asso-
ciated with both norovirus and rotavirus, and 1(5.3%)
was associated with both norovirus and astrovirus. There
was a statistically significant association between rotavi-
rus, norovirus, and parechovirus (p=0.001) (Table 3).

There was no statistically significant difference in the
epidemiological and clinical data between children with
AGE due to HPeV alone and those with AGE due to
viruses other than HPeV alone. However, it was observed
that children with AGE caused by HPeV alone were from
rural areas (60%), presented mainly with fever (60%),
and the majority of them were of mild severity (60%)
(Table 4).

Discussion

Acute gastroenteritis (AGE) in children below five years
represents a global health problem [1]. There is an urgent
need to monitor the prevalence of various viruses impli-
cated in AGE to control this clinical condition.

The present study included 100 children with fever,
abdominal pain, and vomiting, besides diarrhea as clini-
cal manifestations. This finding was in agreement with
previous studies of patients with acute viral gastroenteri-
tis [20-22].

In the current study, the most common virus detected
was rotavirus (39/100). This finding was in line with pre-
vious reports from Egypt (31%) and other geographical
regions on children below five years old [23-25]. The

Table 3 Association of HPeV with rotavirus, norovirus, and
astrovirus among the studied 100 children with AGE

HPV positive patients P-value
No %
Rotavirus 9 474 0.41
Astrovirus 2 10.5 0.83
Norovirus 7 36.8 0.28
Rotavirus and norovirus 3 15.8 0.001
Norovirus and astrovirus 1 5.3% 0.19

The Chi-square test calculated P
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Table 4 Comparison of the demographic and clinical data between children with HPeV as a single detected virus and children with

other viruses

Viruses causing AGE p-value OR 95% Cl
No (%)
Total HPeV alone Other than HPeV
(n=100) (n=5) alone
)n = 95)
Sex 031 3.03 0.32-282
Male 58 4(80) 54 (56.8)
Female 42 1(20) 41 (43.2)
Abdominal pain 83 2 (40) 36 (37.9)) 092 1.09 0.17-6.9
Fever 38 3(60) 35(36.8) 03 26 0.041-16.1
Vomiting 32 0 32(33.7) 0.12 1.08 1-1.15
Residence 0.81 0.79 0.13-52
Rural 65 3(60) 62 (65.2)
Urban 35 2 (40) 33(34.7)
Severity 0.82
Mild 50 3(60) 47 (49.5)
Moderate 33 1(20) 32(337)
Severe 17 1(20) 16 (16.8)

global rotavirus surveillance network established by the
World Health Organization estimated that the annual
mortality in children below five years due to rotavirus
is approximately equal to 215,000 worldwide [26]. There
are two live attenuated virus vaccines for rotavirus with
licenses inmore than 100 countries worldwide since 2006
[27]. However, even in the post-vaccination era, the rota-
virus remains a common infecting virus [28, 29]. It is
noteworthy that Rotavirus vaccination is not scheduled
as a routine vaccination program in Egypt. Additionally,
the vaccines were less effective in African children and
did not cover all circulating rotavirus genotypes [30, 31].

Among the 100 studied children with AGE, norovirus
and astrovirus were detected in 27% and 12%, respec-
tively. These prevalence rates were similar to previous
studies from Egypt [32], the Republic of Congo (10.3%)
[33], and India (12.5%) [34]. Nevertheless, the rates were
higher than reported in a previous study from Kenya
(6.3%) [35]. The prevalence of these viruses was lower
than others obtained in Egypt (28%) and Nigeria (40.4%)
[36, 37]. The variation in the prevalence rates can be
attributed to the difference between geographical regions
and the difference in socioeconomic factors [32].

RT-PCR is a sensitive method for detecting viral RNA
in the stool samples of children with AGE. However, the
clinicians usually limit the laboratory diagnosis of viral
pathogens only to children with mild-to-moderate AGE
illness because AGE treatment is supportive care. There-
fore, there is limited data about the prevalence of viruses
in children with AGE [38].

The association of human parechoviruses with AGE
has been studied in various geographical regions such as
Asia, Europe, and the Americas [39-41]. However, there
is no report about this virus being associated with AGE
in Egypt to the best of our knowledge. HPeV RNA was
detected in 19/100 of the studied stool samples. There
were different prevalence rates for HPeV in different
studies. The prevalence ranged from 2.3% up to 55% [39,
42-44).

RT-PCR detected human pparechoviruses as a single
pathogen in five (5%) children with AGE. Also, HPeV was
detected as a single virus in 14.6% of Thai children [45].
In South Korea, 348 samples of gastroenteritis patients
were tested, and only 2% turned out to be positive for
human HPeV genotypes 1 and 4 [46]. Similarly, 8.1% of
Japanese children, negative for other viruses, had HPeV-1
and three infections [47].

There was a debate whether HPeV as a single virus
could be linked to AGE as a previous study in Germany
that included 538 samples from AGE children and con-
trol samples from children without enteritis demon-
strated an insignificant association between HPeV and
AGE [41]. A similar finding was also reported in a study
in China [39]. Therefore, a large case—control study is
needed to clarify if the HPeV could be a single causative
agent of AGE in children.

The comparison of the prevalence of HPeV among vari-
ous studies might differ according to the demographic
data of the included patients, the geographic location,
and the detection method [9].
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In the present study, the majority (14/19, 73.7%) of the
detected HPeV was associated with other investigated
enteric viruses. It was detected in association with rota-
virus in nine samples (43.9%), norovirus in seven samples
(36.8%), and astrovirus in two samples (10.5%); this find-
ing was similar to previous reports [39, 40, 48].

The presenting clinical symptoms of AGE associated
with HPeV might reflect the viral load. A previous report
from China revealed that the genotypes of the infecting
HPeV and the load of the virus could correlate with the
severity of diarrhea in children with AGE [44]. In the pre-
sent study, AGE caused only by HPeV was mildly severe
in 60% of the infected case.

Limitations of the present study included the absence
of genotyping of the detected HPeV and the non-inclu-
sion of control children to evaluate the role of HPeV as a
pathogen associated with AGE.

Conclusion

The present study highlights that HPeV is not a rare
cause of AGE among Egyptian children under five years
old, with an overall detection rate of 19%. The prevalence
rate of the HPeV as a single viral pathogen of AGE was
5%. Future studies are needed on a larger sample size
with genotyping of the HPeV to identify the most preva-
lent genotype in Egypt.
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