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Abstract 

Background:  Diarrhoea is still a major public health issue in developing countries, and it is one of the leading causes 
of morbidity and mortality in children. We aimed to assess the use of a multiplex reverse transcription polymerase 
chain reaction (RT-PCR) assay for the detection of five viruses, including rotavirus, norovirus (genogroups 1 and 2), astro-
virus, and adenovirus, responsible for gastroenteritis in children under 5 years old in primary care centres in Upper 
Egypt.

Subjects and methods:  A total of 500 stool samples were collected. Fifty samples were randomly selected for viral 
examination using multiplex RT-PCR for the detection of rotavirus, norovirus (genogroups 1 and 2), astrovirus, and 
adenovirus, causing diarrhoea.

Results:  Viruses were detected in 45 (90%) of the 50 stool samples. The most frequently identified virus was norovirus 
G2, followed by Group A rotavirus, astrovirus and adenovirus. Mixed infection by two and three viruses was observed 
in 7/50 cases (14%) and 2/50 cases (4%), respectively. Norovirus G1 was not detected in the samples examined.

Conclusion:  Our study reveals that multiplex PCR allows for the detection of multiple viral targets in only one 
reaction, rendering the assay easier to perform compared to existing testing methodologies (RT-PCR and electron 
microscopy). Additionally, most of the viruses were detected in summer, and the highest prevalence was in the age 
group less than 1 year. Norovirus G2 and rotavirus were the most frequent agents and the most common coinfections 
responsible for gastroenteritis in children.
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Background
Diarrhoea is the second leading cause of death in chil-
dren under the age of five and is responsible for approxi-
mately 525,000 deaths per year [1]. Diarrhoea is still a 

major public health issue in developing countries, and it 
is one of the leading causes of morbidity and mortality in 
children, especially in middle- and low-income countries 
[2]. Although there was a 60% decrease in the incidence 
of diarrhoea in children worldwide from 2000 to 2016, its 
incidence showed a relatively moderate decline to 13% in 
these middle- and low-income countries [3]. A previous 
study reported that 801,000 deaths worldwide in children 
under the age of five with gastroenteritis were associated 
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with diarrhoea, with higher incidence and mortality rates 
of diarrhoea in middle- and low-income countries [4]. 
At least 25 bacteria and protozoa can cause diarrhoea in 
children, and viruses are responsible for more than 75% 
of cases; the most common viral agents of acute gastro-
enteritis are rotavirus, norovirus, enteric adenovirus, 
human astrovirus, and sapovirus [5].

These five viruses can cause gastroenteritis outbreaks, 
which may be severe due to the need for hospitalization 
[6]. However, the diagnosis of infectious diarrhoea in 
developing countries is based primarily on clinical symp-
toms, which are not always representative of a particular 
pathogen [7].

In developing countries, few laboratories in referral 
hospitals can regularly conduct culture methods, enzyme 
immunoassays, latex agglutination tests, or immunochro-
matography (ICT) techniques, whereas laboratories in 
rural areas are restricted to light microscopy detection of 
intestinal parasites [8]. In the absence of diagnostic tests, 
infections are treated with empirical antibiotic regimens, 
which are often linked to broad-spectrum antibiotic 
overuse and the production of bacterial resistance [9].

In developed countries, real-time polymerase chain 
reaction (PCR) assays are increasingly used to diagnose 
gastrointestinal infections. Multiplex PCR systems have 
been shown to allow for rapid and simultaneous ampli-
fication of multiple targets, with high sensitivity and 
specificity. In tropical countries, a large number of coin-
fections as well as asymptomatic carriage of bacterial 
and parasitic pathogens are widespread among infants, 
as these countries are endemic for various viral infec-
tions and tropical diseases. In general, the use of multi-
plex PCR for the diagnosis of gastrointestinal infections 
has yet to be evaluated in these regions. Nevertheless, 
multiplex PCR can decrease the time requirement and 
cover multiple targets of infective agents compared with 
other methods used in the diagnosis of diarrhoea, such 
as stool culture, enzyme-linked immunoassay (ELISA) or 
electron microscopy (EM) [10]. To our knowledge, this is 
the first study to diagnose viral gastroenteritis in Upper 
Egypt using multiplex RT–PCR.

This study aimed to assess the use of a multiplex RT–
PCR assay in the detection of five viruses, i.e. rotavirus, 
norovirus (genogroups 1 and 2), astrovirus, and adeno-
virus, responsible for gastroenteritis in children under 
5 years old in primary care centres in Qena and Aswan.

Methods
Study population
This study is a cross-sectional observational study that 
was approved by the ethical committee at the National 
Research Centre (number 13037). The participants 
were 500 children who presented with diarrhoea in the 

Primary Health Care Centers of Qena and Alkhatara in 
Aswan in Upper Egypt from August 2015 to March 2017; 
verbal consent was obtained from the children’s parents.

Inclusion criteria under 5  years with acute diarrhoea 
(less than 14  days’ duration), whereby diarrhoea is 
defined as the passage of three or more loose or liquid 
stools per day or more frequent passage than normal for 
each individual.

Exclusion criteria older than 5 years old, persistent or 
chronic diarrhoea (more than or equal 14 days’ duration), 
malabsorption syndrome, previous antibiotic intake and 
suspected contaminated sample, e.g. specimens collected 
from bedpans.

Sample collection
Stool samples were collected from patients enrolled in 
this study on the same day of presentation using a sterile 
leak-proof container that was labelled with the patient’s 
name, date and time of collection (can be stored up to 
24 h at 2–8 °C before culturing). For multiplex PCR, stool 
samples were pre-treated treated (by adding 1 g stool to 
1  ml of phosphate buffer saline (PBS) then add 1  ml of 
the suspension to 9 ml PBS (dilution 1:10) or 10% faecal 
specimen in the case of watery diarrhoea (entirely liquid 
with no solid pieces). Pre-treated stool samples for PCR 
were divided into aliquots and stored frozen at − 70  °C 
until testing.

Laboratory method
Microbiological examination of all faecal specimens

•	 Wet preparation with eosin and saline to exclude 
Entamoeba histolytica, Giardia lamblia and other 
ova or cysts of parasites.

•	 Gram stained film to detect bacteria.
•	 Culture on MacConkey agar, xylose lysine deoxy-

cholate, sorbitol MacConkey agar, Salmonella Shi-
gella agar, alkaline peptone and thiosulfate citrate 
bile sucrose (TCBS) media for detection of bacterial 
growth.

Multiplex PCR
Fifty cases were randomly selected from among the 500 
cases (40 cases with negative bacterial culture and with 
no parasitic infection and 10 cases with parasitic infec-
tions): 50% in warm weather and 50% in cold weather. 
The age of patients from whom the 50 samples were col-
lected was ranged from 4 to 41 months, with an average 
of 16.6 months.

The samples were subjected to multiplex RT-PCR 
to detect five viruses: astrovirus; Group A rotavirus; 
enteric adenovirus; norovirus G1; and norovirus G2. 
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The Seeplex® Diarrhoea-V ACE Detection kit was used 
(Seegene, Seoul, Korea, catalogue number: DR6411Y), 
which is a multiplex assay that permits simultaneous 
amplification of target deoxyribonucleic acid (DNA)/
complementary deoxyribonucleic acid (cDNA) of human 
enteric adenovirus, Group A rotavirus, norovirus GI/G2, 
and astrovirus. Seegene uses a new-concept oligo tech-
nology, dual priming oligonucleotide (DPOTM) technol-
ogy, which provides freedom in primer design and PCR 
optimization and maximizes PCR specificity and sensi-
tivity by fundamentally blocking non-specific priming. 
Seeplex® Diarrhoea-V ACE detection is based on four 
major processes: nucleic acid extraction; reverse tran-
scription; PCR amplification of target DNA utilizing 
DPOTM primers (Table 1); and detection by agarose gel 
electrophoresis.

The steps were as follows:

•	 Nucleic acid Extraction
•	 A GeneAll Ribo spin vRD nucleic acid isolation kit 

(Seoul, South Korea, catalogue number: SG1701) was 
used for extraction of RNA according to the manu-
facturer’s instructions.

•	 Reverse Transcription
•	 A RevertAidTM First Strand cDNA Synthesis kit 

(Fermentas, catalogue number: SG1300) was used 
according to the manufacturer’s instructions:

•	 We added 8  µl total RNA to 1  µl random hexamer 
(0.2  µg/µl) and then 3  µl diethyl polycarbonate 
(DEPC)-treated water. The tube was incubated at 
80 °C for 3 min. The tube was chilled on ice for 2 min 

and then centrifuged briefly. The following reagents 
were added to the tube: 4 µl 5X RT buffer, 2 µl 10 mM 
dNTPs, and 1 µl RNase inhibitor (20 µg/µl). Finally, 
we added 1 µl Reverse Transcriptase (200 µg/µl) and 
incubated the tube at 37 °C for 90 min. After that, the 
tube was heated at 94 °C for 2 min and chilled on ice 
for 2 min. The tube was centrifuged briefly. All cDNA 
samples were stored at -20 °C until use.

•	 Amplification by the Seeplex® Diarrhoea-V ACE 
Detection kit

•	 We followed the manufacturer’s instructions:

A reaction mixture was prepared by adding 17  µl of 
master mix to 3  µl of each sample’s nucleic acid added. 
For the negative control, we added 3 µl of diarrhoea ACE 
negative control; the diarrhoea ACE positive control was 
also used. The tubes were placed in a preheated (94  °C) 
thermal cycler, and the following cycles were performed: 
one cycle at 94  °C for 15 min for denaturation followed 
by 40 cycles for amplification, 94 °C for 5 min, 60 °C for 
15  min, and 72  °C for 15 min, and a final extension at 
72 °C for 10 min.

Detection of PCR amplification products
Detection of the amplified products was performed 

using gel electrophoresis and ultraviolet light trans 
illumination.

Statistical methods
Recorded data were analysed using the Statistical Pack-
age for Social Sciences, version 20.0 (SPSS Inc, Chicago, 
Illinois, USA). Quantitative data are expressed as the 
mean ± standard deviation (SD). Qualitative data are 
expressed as the frequency and percentage. An inde-
pendent-samples t test of significance was used when 
comparing two means. One-way analysis of variance 
(ANOVA) was used to compare more than two means. 
The chi-square test of significance was used to compare 
proportions between qualitative parameters. The con-
fidence interval was set to 95%, and the margin of error 
accepted was set to 5%. Therefore, the p value of 0.05 was 
considered significant.

Results
Demographic data for the studied groups are shown in 
Table  2. We included 500 samples: 299 males and 201 
females. In total, 204 samples were collected in summer, 
and 296 were collected in winter. The mean of age of the 
groups was 16.6  months. Of 50 examined samples, we 
detected 45 positive cases of viral infection using mul-
tiplex PCR. Norovirus G2 was the most prevalent virus, 
as detected in 26/50 patients (52.0%), followed by Group 
A rotavirus in 12/50 patients (24%), astrovirus in 4/50 
patients (8.0%) and enteric adenovirus in 3/50 patients 

Table 1  Oligonucleotide primers sequence from 5´ - 3´ used for 
the amplification of 5 viruses causing diarrhoea

bp base pair

Virus and primer sequence Amplicon 
size (bp)

Astrovirus

PreCAP1 GGA CTG CAA AGC TTC GTG​
82b GTG AGC CAC CAG CCA TCC CT-

719

Group A rotavirus

VP7 1_(F) AAA GGA TGG CCA ACA GGA TCA GT
END9(S) GTA TAR AAH ACT TGC CAC CAT-

569

Adenovirus

Ad1 TTC CCC ATG GCI CAY AAC AC + 
Ad2 CCC TGG TAK CCR ATR TTG AT-

482

Norovirus G2

COG2F CAR GAR BCN ATG TTY AGR TGG ATG AG + 
G2SKR CCR CCN GCA TRH CCR TTR TAC AT-

387

Norovirus G1

G1SKF CTG CCC GAA TTY GTA AAT GA + 
G1SKR CCA ACC CAR CCA TTR TAC A-

330
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(6.0%). However, norovirus GI was not detected in the 
studied population. Regarding coinfection, mixed infec-
tion by two viruses was observed in 9/50 cases (18%). The 

most prevalent coinfection was rotavirus and norovirus 
G2, which represented 6/50 cases (12%); norovirus G2 
and astrovirus coinfection was observed in 2/50 cases 
(4%), followed by coinfection of norovirus G2 and adeno-
virus, which was 1/50 (2%). Regarding mixed infection by 
3 viruses, there were 2/50 cases (4%). Rotavirus, norovi-
rus G2 and adenovirus were detected in 1/50 cases (2%); 
rotavirus, norovirus G2 and astrovirus were also detected 
in 1/50 cases (2%) (Table 3 and Fig. 1).

Table 4 shows the distribution of the viruses based on 
age categories; 25 of 45 (55.6%) positive patients were 
younger than 1  year; 15 of 45 (33.3%) cases occurred 
between the ages of 13 and 16 months and 5 of 34 cases 
(11.1%) between 37 and 60  months. Thirteen (50%) 
patients were infected with norovirus G2, and 8 (66.7%) 
were infected with rotavirus; 2 of 4 patients (50%) were 
infected with astrovirus, and 2 of 3 (66%) in the age group 
less than 1  year were infected with adenovirus (Table  4 
and Fig. 2).

Regarding seasonal variation, 15 (57.6%) of 26 patients 
positive for norovirus G2, 8 (66.7%) of 12 positive for 
rotavirus, 3 (75%) of 4 positive for astrovirus and 3 (100%) 
positive for adenovirus occurred in summer (Fig. 3).

Discussion
Viral gastroenteritis is a major health problem with sig-
nificant morbidity and economic consequences. Viral 
gastroenteritis is caused by a number of viruses, includ-
ing norovirus, rotavirus, adenovirus, astrovirus, and 
sapovirus [11].

Our detection rate was exactly equal to the detection 
rate in Seoul, South Korea, using the same multiplex PCR 

Table 2  Demographic data of the studied groups

Demographic data Total (N = 500)

Sex

 Male 299 (59.8%)

 Female 201 (40.2%)

Age (months)

 Mean ± SD 16.62 ± 1.323

Season

 Summer 204 (40.8%)

 Winter 296 (59%)

Governorate

 Aswan 327 (65.4%)

 Qena 173 (34.6%)

Table 3  Incidence of coinfection in the studied groups

No %

Two infections

 Rotavirus and norovirus 6/50 12

 Norovirus G2 with astrovirus 2/50 4

 Norovirus G2 with adenovirus 1/50 2%

Triple mixed infection

 Rotavirus with norovirus G2 and adenovirus 1/50 2

 Rotavirus with norovirus G2 and astrovirus 1/50 2

Fig. 1  PCR results using Seeplex® Diarrhoea-V ACE detection. Lane M: Ladder (100 bp). Lane 1: Positive for rotavirus, enteric adenovirus and 
norovirus G2. Lanes 2, 3: Positive for rotavirus and enteric adenovirus. Lane 4: Positive for astrovirus. Lanes 5–10: Positive for rotavirus and norovirus 
G2
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technique and the same kit [12]. Our results are also in 
agreement with a study on Egyptian children with gas-
troenteritis using qualitative PCR, in which viral patho-
gens were detected in 62%. In another study performed 
in Egypt, multiplex RT–PCR detected viral pathogens in 
57% of samples [13]. In Kyoto, Japan, single-tube multi-
plex PCR was employed for rapid detection of 10 viruses 
that cause diarrhoea, with 47.2% of samples being posi-
tive for 8 forms of the target viruses. This variation may 

be attributed to sample size and geographical distribu-
tion differences [14].

The most common viruses found in our patients were 
norovirus G2 and rotavirus, followed by astrovirus and 
adenovirus. Among norovirus-infected patients, norovi-
rus G2 accounted for 52% (26/50) of the cases, exceed-
ing rotavirus infection. This has been observed in several 
studies from various countries after implementing rota-
virus vaccination [15–17]. Our finding is consistent with 

Table 4  Age distribution of patients with virus infection

*p value < 0.005 is significant

**p value < 0.001 is highly significant

Subject No Age Age group months P value

< 12 months 13–16 months 37–60 months

Total 50 30.50 ± 8.24 (1–60) 30 15 5 < 0.001**

Virus-positive 45 22.50 ± 6.08 (4–41) 25 (55.6%) 15 (33.3%) 5 (11.1%) < 0.001**

Norovirus-G2 26 22.50 ± 6.08 (4–41) 13 (50%) 10 (38.5%) 3 (11.5%) 0.048*

Rotaviruses 12 17.50 ± 4.73 (5–30) 8 (66.7%) 3 (25%) 1 (8.3%) 0.039*

Astroviruses 4 24.50 ± 6.62 (8–41) 2 (50%) 1(25%) 1 (25%) 0.002*

Adenovirus 3 15.00 ± 4.05 (6–24) 2 (66.7%) 1 (33.3%) 0 0.564

Norovirus-G1 0 0.00 ± 0.00 (0–0) 0 0 0 –

Fig. 2  Distribution of viral pathogens according to age group among 50 children
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a systematic review conducted by Kreidieh et al.’s (2018), 
which included studies from 24 countries in the Middle 
East and North Africa (MENA) from 2000 to 2015. This 
review showed that norovirus was considered the sec-
ond leading cause of gastroenteritis, with an infection 
rate that ranged from 0.82 to 36.84% in the MENA region 
[18]. Similarly, in Japan, 57.8% of samples were positive 
for norovirus [19]. Lower rates were reported in previous 
studies in Egypt, in which a Qiagen (Hilden, Germany) 
one-step RT–PCR kit was used. The norovirus detec-
tion rate was 26.0%, and the difference in the results may 
reflect differences in patient characteristics (age 1 month 
to 18 years) [20].

Group A rotavirus was the second most prevalent virus 
detected in our study, accounting for 24%. Two Korean 
studies reported similar detection rates of 24.8% and 
26.9% for rotavirus using the same kit [21]; in Iran, rota-
virus was detected in 27.0% of cases using RT-PCR [22]. 
However, higher results were reported in three other 
studies using RT-PCR for the detection of viruses causing 
gastroenteritis in Egyptian children, in which detection 
rates of rotavirus were 37.0%, 39.0% and 57.4%, respec-
tively [13, 20, 23]. This difference in detection rate can be 
explained by the difference in geographical distribution, 
as the two studies were performed in Cairo and Banha, 
in contrast to our study, which was performed in Upper 
Egypt in Qena and Aswan. The difference in patient 
characteristics may also be responsible, as the age group 
of the studied population was from 1 month to 18 years 
old in the first study and from 1 month to 2 years old in 
the second. Additionally, there were different numbers of 
patients in the studies than in our study. Samples were 
collected from 100 patients in the first study, from 130 
patients in the second study, and from 500 patients in the 
last study. Other studies performed on children admit-
ted to Abo El Reesh Hospital in Cairo University showed 
higher results, with a 31.0% detection rate for rotavirus 
with different techniques (enzyme immunoassay kits 

RIDASCREEN® viralantigen, RBiopharm AG, Germany) 
and different sample sizes (119 cases) [24].

Adenovirus was detected in 6.0% of cases. Our results 
are in agreement with results that 6.7% of children with 
gastroenteritis in Cairo are positive for adenovirus [24]. 
Other studies used a qualitative test based on using ICT 
as a screening test for the detection of rotavirus and ade-
novirus and reported rates of 28.3% and 19.3% [25], with 
22% and 3% by another study in Iraq and Sulaimani [26].

Astrovirus was detected in 8.0% of the patients in our 
study. Our results are in accordance with those of Ahmed 
et al., 2011, who detected a rate of 6.3% in Abo Homos, 
Egypt, using RT–PCR [27]. Lower figures were reported 
in other studies: 5.5% in Lebanon [28], 3.3% by So et al., 
2013, in South Korea [21], 3% by El Mohamady et  al., 
2006, in Al Fayoum, Egypt [29], 1.7% by Rahouma et al., 
2011, in Libya [30], and 1.6% by Maham et  al., 2013, in 
Iran [31]; these differences may be related to the larger 
sample size compared to our study and different geo-
graphical distributions.

On the other hand, higher figures were reported in 
Nigeria by Ayolabi et  al., 2012, who reported a rate of 
40.4% [32].

Norovirus G1 was not detected in our study, which is in 
accordance with Kittigul et al., 2009, who reported a rate 
of 0.8% in Thailand using the same technique [33].

In our study, coinfection with more than one virus was 
observed in 9/50 (18%) of cases. Lower figures for the 
rate of coinfection were reported by Khamrin et al., 2011, 
in Japan (12.8%) [14] and Zaghloul et al., 2013 (10%) [23]. 
In our study, norovirus G2 was the most prevalent virus 
associated with coinfection. A similar finding was docu-
mented by Kim et  al., 2017, in Korea in their study on 
children with acute gastroenteritis after the introduction 
of rotavirus vaccination [12]. Coinfection with rotavirus 
and norovirus was the most common type of coinfection 
and occurred in 6/9 (66.7%) of cases with mixed infec-
tion. Similarly, Zaghloul et al., 2013, reported that coin-
fection with rotavirus and norovirus in Egypt was most 
common and occurred in 62.2% of cases in their study 
[23].

All pathogens identified in our study showed the high-
est prevalence among children younger than 2  years of 
age. Faecal-oral contact, ingestion of contaminated water 
or food and person-to-person contact, the most com-
mon modes of transmission, may be the cause, as most 
of our patients live in rural and urban areas of Qena and 
Aswan. Additionally, the decreased prevalence of viral 
gastroenteritis in older children may be due to devel-
oped immunity against these viruses causing diarrhoea; 
the difference may also be due to the behaviour of older 
children. Norovirus G2 was detected in 50% of the age 
group less than 1  year, 38.5% of the age group between 
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Fig. 3  Seasonal variation of virus detection
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13 and 16  months and 11.5% of the age group between 
37 and 60  months. This is similar to the distribution in 
Egypt according to Zaghloul et  al., 2013, who reported 
35.8% of children infected with norovirus younger than 
1 year of age, 38.2% from 1 to 3 years and 13.6% from 3 
to 5  years in outpatient clinics at Ain Shams University 
of Egypt [23]. Additionally, a study in Delhi performed by 
Gupta et al., 2018, showed that most norovirus-infected 
children were younger than 1 year old [34]. In our study, 
66.7% of rotavirus-infected children were less than 1 year 
old, 25% were between 13 and 16 months old, and 8.3% 
were between 37 and 60  months old. Our finding is in 
accordance with Gupta et  al., 2018, in Delhi and Fer-
reira et  al., 2012, in southern Brazil, who showed that 
most children infected with rotavirus were younger than 
2  years old [34, 35]. Fifty percent of astrovirus-infected 
patients in this study were younger than 1 year old, 25% 
were between 13 and 16  months old, and 25% were 
between 37 and 60 months old. This finding was similar 
to a study in Iran by Maham et  al., 2013, who reported 
that most astrovirus-infected patients were younger than 
2 years old [31]. A total of 66.7% of children in our study 
were infected by adenovirus in the age group less than 
1 year, and 33.3% of them were in the group between 13 
and 16  months. This finding is in agreement with Filho 
et  al., 2007, who detected 79% of adenovirus-infected 
cases in children less than 2 years of age [36].

The prevalence of all detected viruses was higher in 
summer (May to October) than in winter, which is in 
agreement with other Egyptian studies that found that 
norovirus, rotavirus, astrovirus and adenovirus were 
present in 26.5%, 19%, 11.7% and 47% of cases as a sin-
gle pathogen or co-pathogen, respectively, with seasonal 
distribution from May to October [37]. In our study, the 
prevalence of norovirus G2 in warm weather was 57.7% 
compared to 42.3% in cold weather. Similarly, in Indone-
sia [38], Thailand [33] and Morocco, norovirus G2 had a 
peak in summer months [39].

In our study, positive cases of rotavirus were 66.7% in 
warm weather compared to 33.3% in cold weather. These 
findings are in agreement with Zagazig University hos-
pitals in Egypt [40]. Although two other studies in Egypt 
showed that there was no seasonal variation for rotavi-
rus infection, the first study was performed on children 
in rural areas [41], while the children in the second study 
were from the Nile River Delta and showed that the peak 
of rotavirus causing diarrhoea was in late summer and 
early winter [42]. This difference may be explained by 
the seasonal nature of rotavirus infections being not uni-
versal: in developed countries, the peak season of viral 
infection is winter in a temperate climate; in developing 
countries with tropical and subtropical weather, rotavirus 
is present throughout the year [43].

In our study, all positive cases of adenovirus were 
reported in summer weather. Modarres et  al., 2006, 
documented that in most parts of the world, adenovirus 
is present throughout the year [44], regarding astrovi-
rus, most positive cases were reported in warm weather, 
which is in agreement with El-Mohammady et al., 2012, 
who detected astrovirus mainly in warm weather y[37].

Conclusion
Our study revealed that multiplex PCR permits the 
detection of multiple viral targets in only one reaction. 
This makes the assay easier to perform compared to 
existing testing methodologies (RT-PCR and EM). Addi-
tionally, most viruses in this study were detected in sum-
mer, and the highest prevalence was in the age group less 
than 1  year. Norovirus G2 and rotavirus were the most 
frequent agents and the most common coinfections 
responsible for gastroenteritis in children.

Abbreviations
Bp: Base pair; cDNA: Complementary deoxyribonucleic acid; DEPC: Diethyl 
polycarbonate; DNA: Deoxyribonucleic acid; dNTPs: Deoxynucleotide 
triphosphates; DPOTM: Dual-priming oligonucleotide; ELISA: Enzyme-linked 
immunoassay; EM: Electron microscope; ICT: Immunochromatographic tech-
nique; MENA: Middle East North Africa; NRC: National Research Centre; PBS: 
Phosphate-buffered saline; RT–PCR: Reverse transcription polymerase chain 
reaction; SD: Standard deviation.

Acknowledgements
The authors sincerely thank National Research Centre for funding this work 
and Primary Health Care Centers in Alkalaheen, primary care centre in Qena 
and Alkhatara primary care centre in Aswan at Upper Egypt for providing data 
and samples of patients

Authors’ contributions
GH, AE, EM, AE and SM designed the study and edited the manuscript. AA col-
lected the samples and shared in the analysis of data. AA helped in collection 
of samples and availability of patients’ data. HE wrote, revised and submitted 
the manuscript. All authors have approved the submitted version of this 
article.

Funding
This work was funded by the National Research Centre.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
This work was approved by the ethical committee (number: 13037) at the 
National Research Centre, Cairo, Egypt.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Clinical and Chemical Pathology, National Research Centre, 
Cairo, Egypt. 2 Department of Clinical and Chemical Pathology, Cairo University, 
Cairo, Egypt. 3 Department of Pediatrics, National Research Centre, Cairo, Egypt. 



Page 8 of 9Othma et al. Egyptian Journal of Medical Human Genetics           (2022) 23:40 

Received: 18 September 2021   Accepted: 14 February 2022

References
	1.	 https://​www.​who.​int/​news-​room/​fact-​sheets/​detail/​diarr​hoeal-​disea​se 

(2017)
	2.	 Groome MJ (2019) Understanding the full clinical spectrum of childhood 

diarrhoea in low-income and middle-income countries. Lancet Glob 
Health 7(5):E534–E535

	3.	 GBD 2016 Diarrheal Disease Collaborators (2018) Estimates of the global, 
regional, and national morbidity, mortality, and etiologies of diarrhea 
in 195 countries: a systematic analysis for the Global Burden of Disease 
Study 2016. Lancet Infect Dis 18:1211–28

	4.	 Nguyen GT, Phan K, Teng I, Pu J, Watanabe T (2017) Systematic review and 
meta-analysis of the prevalence of norovirus in cases of gastroenteritis in 
developing countries. Medicine 96(40):e8139. https://​doi.​org/​10.​1097/​
MD.​00000​00000​008139

	5.	 Payne DC, Vinjé J, Szilagyi PG, Edwards KM, Staat MA, Weinberg GA, 
Wikswo M (2013) Norovirus and medically attended gastroenteritis in US 
children. NEJM 368(12):1121–1130

	6.	 Levidiotou S, Gartzonika C, Papaventsis D, Christaki C, Priavali E, Zotos 
N, Vrioni G (2009) Viral agents of acute gastroenteritis in hospitalized 
children in Greece. Clin Microbiol Infect 15(6):596–598

	7.	 Onori M, Coltella L, Mancinelli L, Argentieri M, Menichella D, Villani A, 
Russo C (2014) Evaluation of a multiplex PCR assay for simultaneous 
detection of bacterial and viral enteropathogens in stool samples of 
paediatric patient‘s. Diagn Microbiol Infect Dis 79(2):149–154

	8.	 Johnston SP, Ballard MM, Beach MJ, Causer L, Wilkins PP (2003) Evaluation 
of three commercial assays for detection of Giardia and Cryptosporidium 
organisms in fecal specimens. J Clin Microbiol 41(2):623–626

	9.	 Gray J, Coupland LJ (2014) The increasing application of multiplex nucleic 
acid detection tests to the diagnosis of syndromic infections. Epidemiol 
Infect 142(1):1–11

	10.	 Eibach D, Krumkamp R, Hahn A, Sarpong N, Adu-Sarkodie Y, Leva A, 
Tannich E (2016) Application of a multiplex PCR assay for the detection 
of gastrointestinal pathogens in a rural African setting. BMC Infect Dis 
16(1):150

	11.	 Bennett S, Gunson RN (2017) The development of a multiplex real-time 
RT-PCR for the detection of adenovirus, astrovirus, rotavirus and sapovirus 
from stool samples. J Virol Methods 242:30–34

	12.	 Kim A, Chang JY, Shin S, Yi H, Moon JS, Ko JS, Oh S (2017) Epidemiology 
and factors related to clinical severity of acute gastroenteritis in hospital-
ized children after the introduction of rotavirus vaccination. J Korean Med 
Sci 32(3):465–474

	13.	 El-Mosallamy WA, Awadallah MG, El-Fattah A, Diaa M, Aboelazm AA, Seif 
E-M (2015) Human bocavirus among viral causes of infantile gastroenteri-
tis. Egypt J Med Microbiol 38(3174):1–7

	14.	 Khamrin P, Okame M, Thongprachum A, Nantachit N, Nishimura S, Okitsu 
S, Ushijima H (2011) A single-tube multiplex PCR for rapid detection in 
feces of 10 viruses causing diarrhea. J Virol Methods 173(2):390–393. 
https://​doi.​org/​10.​1016/j.​jviro​met.​2011.​02.​012

	15.	 Jin HI, Lee YM, Choi YJ, Jeong SJ (2016) Recent viral pathogen in acute 
gastroenteritis: a retrospective study at a tertiary hospital for 1 year. 
Korean J Pediatr 59(3):120–125

	16.	 Doll MK, Gagneur A, Tapiéro B, Charest H, Gonzales M, Buckeridge DL, 
Quach C (2016) Temporal changes in pediatric gastroenteritis after Rota-
virus vaccination in Quebec. Pediatr Infect Dis J 35(5):555–560

	17.	 Wikswo ME, Desai R, Edwards KM, Staat MA, Szilagyi PG (2013) Weinberg 
GA and Payne, DC Clinical profile of children with Norovirus disease in 
Rotavirus vaccine era. Emerg Infect Dis 19(10):1691

	18.	 Kreidieh K, Charide R, Dbaibo G, Melhem NM (2017) The epidemiology of 
Norovirus in the Middle East and North Africa (MENA) region: a system-
atic review. Virol J 14:220. https://​doi.​org/​10.​1186/​s12985-​017-​0877-3

	19.	 Kowada K, Takeuchi K, Hirano E, Toho M, Sada K (2018) Development of 
a multiplex real-time PCR assay for detection of human enteric viruses 
other than Norovirus using samples collected from gastroenteritis 
patients in Fukui Prefecture, Japan. J Med Virol 90(1):67–75

	20.	 Kamel AH, Ali MA, El-Nady HG, De Rougemont A, Pothier P, Belliot G 
(2009) Predominance and circulation of Enteric viruses in the region of 
Greater Cairo, Egypt. J Clin Microbiol 47(4):1037–1045

	21.	 So CW, Kim DS, Yu ST, Cho JH, Kim JD (2013) Acute viral gastroenteritis in 
children hospitalized in Iksan, Korea during December 2010-June 2011. 
Korean J Pediatr 56(9):383–388

	22	 Hamzavi H, Azaran A, Makvandi M, Karami S, Ardakani MR, Nejad ASM 
(2018) Performance of Latex agglutination, ELISA and RT-PCR for diagno-
sis of Rotavirus infection. J Biol Res 90(2):6522

	23.	 Zaghloul MZ, El-Sahn SF, Galal ZA (2013) Confection of Rotavirus group A, 
Norovirus and Adenovirus in Egyptian children with Gastroenteritis. Life 
Sci J 10(2):848–852

	24.	 Allayeh AK, El Baz RM, Saeed NM, El Sayed M (2018) Detection and geno-
typing of viral gastroenteritis in hospitalized children below five years old 
in Cairo, Egypt. Arch Pediatr 6(3):60288

	25	 Imade PE, Eghafona NO (2015) Prevalence of enteric viruses among 
young children with acute diarrhea in Benin City, Nigeria. IJTDH 9(4):1–6. 
https://​doi.​org/​10.​1155/​2015/​685821

	26.	 Jaff DO, Aziz TA, Smith NR (2015) The incidence of Rotavirus and Adenovi-
rus infections among children with diarrhea in Sulaimani province, Iraq. J 
Biosci Med 4(01):124

	27.	 Ahmed SF, Sebeny PJ, Klena JD, Pimentel G, Mansour A, Naguib AM, 
Wang D (2011) Novel astroviruses in children, Egypt. Emerg Infect Dis 
17(12):2391

	28.	 Zaraket H, Abou-El-Hassan H, Kreidieh K, Soudani N, Ali Z, Hammadi M, 
Rajab M (2017) Characterization of Astrovirus-associated gastroenteritis in 
hospitalized children under five years of age. Infect Genet Evol 53:94–99

	29.	 El-Mohammady H, Abdel-Messih IA, Youssef FG, Said M, Farag H, Shaheen 
HI, Monteville MR (2006) Enteric pathogens associated with diarrhea in 
children in Fayoum, Egypt. Diagn Microbiol Infect Dis 56(1):1–5

	30.	 Rahouma A, Klena JD, Krema Z, Abobker AA, Treesh K, Franka E, Gheng-
hesh KS (2011) Enteric pathogens associated with childhood diarrhea in 
Tripoli-Libya. Am J Trop Med Hyg 84(6):886–891

	31.	 Maham S, Marhamati N, Fallah F, Nia RSS, Atashrazm F (2013) Epidemiol-
ogy of Astrovirus infection in young children hospitalized with gastroen-
teritis in Iran, over a period of seven years, using reverse Transcriptase-
polymerase chain reaction (RT-PCR). JPHE 5(1):37–42

	32.	 Ayolabi CI, Ojo DA, Akpan I (2012) Astrovirus infection in children in 
Lagos, Nigeria. Afr J Infect Dis 6(1):1–4

	33.	 Kittigul L, Pombubpa K, Taweekate Y, Yeephoo T, Khamrin P, Ushijima H 
(2009) Molecular characterization of rotaviruses, noroviruses, sapovirus, 
and adenoviruses in patients with acute gastroenteritis in Thailand. J Med 
Virol 81(2):345–353

	34.	 Gupta S, Krishnan A, Sharma S, Kumar P, Aneja S, Ray P (2018) Changing 
pattern of prevalence, genetic diversity, and mixed infections of viruses 
associated with acute gastroenteritis in pediatric patients in New Delhi, 
India. J Med Virol 90(3):469–476

	35.	 Ferreira CEDO, Raboni SM, Pereira LA, Nogueira MB, Vidal LRR, Almeida SM 
(2012) Viral acute gastroenteritis: clinical and epidemiological features of 
co-infected patients. Braz J Infect Dis 16(3):267–272

	36.	 Filho PE, da Costa Faria NR, Fialho AM, de Assis RS, Almeida MMS, Rocha 
M, Leite JPG (2007) Adenoviruses associated with acute gastroenteritis in 
hospitalized and community children up to 5 years old in Rio de Janeiro 
and Salvador, Brazil. J Med Microbiol 56(3):313–319

	37.	 El-Mohammady H, Mansour A, Shaheen HI, Henien NH, Motawea MS, 
Raafat I, Klena JD (2012) Increase in the detection rate of viral and para-
sitic enteric pathogens among Egyptian children with acute diarrhea. J 
Infect Dev Ctries 6(11):774–781

	38.	 Subekti D, Lesmana M, Tjaniadi P, Safari N, Frazier E, Simanjuntak C, Oyofo 
BA (2002) Incidence of Norwalk-like viruses, Rotavirus and Adenovirus 
infection in patients with acute gastroenteritis in Jakarta, Indonesia. FEMS 
Immunol Med Microbiol 33(1):27–33

	39.	 El-Qazoui M, Oumzil H, Baassi L, El Omari N, Sadki K, Amzazi S, El Aouad 
R (2014) Rotavirus and Norovirus infections among acute gastroenteritis 
children in Morocco. BMC Infect Dis 14(1):300

	40.	 Ibrahim SB, El-Bialy AA, Mohammed MS, El-Sheikh AO, Elhewala A, Bahgat 
S (2015) Detection of Rotavirus in children with acute gastroenteritis in 
Zagazig University Hospitals in Egypt. Electron Physician 7(5):1227

	41.	 Mohamed A, Thacker SB, Arafat RR, Wright CE, Zaki AM (1986) The inci-
dence of diarrheal disease in a defined population of rural Egypt. Am J 
Trop Med Hyg 35(5):1006–1012

https://www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://doi.org/10.1097/MD.0000000000008139
https://doi.org/10.1097/MD.0000000000008139
https://doi.org/10.1016/j.jviromet.2011.02.012
https://doi.org/10.1186/s12985-017-0877-3
https://doi.org/10.1155/2015/685821


Page 9 of 9Othma et al. Egyptian Journal of Medical Human Genetics           (2022) 23:40 	

	42.	 Wierzba TF, Abdel-Messih IA, Abu-Elyazeed R, Putnam SD, Kamal KA, 
Rozmajzl P, Sanders J (2006) Clinic-based surveillance for bacterial-and 
Rotavirus-associated diarrhea in Egyptian children. Am J Trop Med Hyg 
74(1):148–153

	43.	 Allayeh AK, El Baz RM, Saeed NM, Osman ME (2018) Detection and geno-
typing of viral gastroenteritis in hospitalized children below five years old 
in Cairo, Egypt. Arch Pediatr Infect Dis 6(3):6288

	44.	 Modarres S, Jam-Afzon F (2006) Enteric Adenovirus infection in infants 
and young children with acute gastroenteritis in Tehran. Acta Med Iran 
44(5):349–353

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


	Use of multiplex PCR in diagnosis of childhood acute viral diarrhoea caused by rotavirus, norovirus, astrovirus and adenovirus in Upper Egypt
	Abstract 
	Background: 
	Subjects and methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Sample collection
	Laboratory method
	Microbiological examination of all faecal specimens
	Multiplex PCR

	Statistical methods

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


