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Introduction
Diarrhea caused due to viral and bacterial infections is a 
major public health problem in developing countries. It has 
been estimated that 4–38% of deaths among children <5 years 
of age are caused by viral infections [1]. Clinical presenta-
tion of the patients with diarrheal symptoms is not generally 
indicative of any pathogenic agent [2, 3]. Among enteric viral 
pathogens, group A rotaviruses (RVA) family Reoviridae 
followed by noroviruses (NoV) family Caliciviridae, enteric 
adenoviruses (AdV) family Adenoviridae, astroviruses (AstV) 
family Astroviridae, sapoviruses (SaV) family Caliciviridae 
have been found associated in acute gastroenteritis [4]. In 
recent years, several novel enteric viruses such as aichivirus 
(AiV) family Picornaviridae, genus Kobuvirus., enteroviruses 
(EV) family Picornavirus, human parechoviruses (HPeV) 
family Picornavirus, sali (SaliV) family Picornavirus, and 
human bocaviruses (BoV) family Parvoviridae have also been 
found associated with acute gastroenteritis [2, 5–8].

Conventional diagnostic methods for routine detection of 
enteric pathogens rely mainly on microscopy, virus isolation 
and enzyme immunoassays. However, these methods are 
either laborious or with limited sensitivity and specificity. 

For conducting epidemiological studies, use of reverse tran-
scription (RT)-PCR and sequencing techniques have become 
the standard methods for detection and characterization of 
enteric pathogens, which includes bacterial and viral patho-
gens [6, 9–15]. In the past, multiplex real-time PCR has been 
successfully used to identify different enteric pathogens 
simultaneously [3, 14–17]. However, these methods are 
either low through-put or expensive (involvement of fluo-
rescence probe), which does not allow rapid screening of a 
large number of stool samples to be analysed in an outbreak 
situation. Although several multiplex molecular assays such 
as Luminex GPP, Film Array and Seegene Diarrhea ACE 
kits are commercially available for testing, these along with 
gastrointestinal pathogen panel (GPP) tests, are extremely 
unaffordable methods for routine use [18, 19]. In a developing 
country such as India, where diarrhea remains as a leading 
cause of death, identification of the most predominant circu-
lating viral etiological agents will be useful in development of 
intervention strategies to control disease. A rapid, sensitive, 
specific and cost-effective multiplex assay system will thus 
prove to be a useful tool to screen a large number of clinical 
samples. Keeping in view the importance of enteric viruses 
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associated with diseases of public health concern, a multiplex 
RT-PCR has been developed for detection of nine enteric 
viruses associated with acute gastroenteritis.

Methods
Specimens
Retrospective stool samples (n=185) collected earlier from 
children below 5 years of age hospitalized for acute gastro-
enteritis in local hospitals of Pune (Maharashtra) India, were 
selected for testing nine different enteric viruses (group A 
rotavirus, norovirus GG II, sapovirus, adenovirus, astrovirus, 
enterovirus, human parechovirus, aichivirus and bocavirus) 
by newly developed RT-multiplex PCR assay. The clinical 
symptoms of the patients included diarrhea with three episodes 
within a 24 h duration with or without fever and vomiting. 
All these samples were previously analysed for the pres-
ence of nine different enteric viruses by monoplex PCR and 
confirmed positive for respective viruses.

Ethical clearance
The research work has been carried out after obtaining 
approval from the Institutional Human Ethical Committees 
(IHEC) of National Institute of Virology, Pune. Informed 
consent was obtained from the parents/guardians prior to 
case registration and specimen collection.

Nucleic acid extraction
Thirty percent (30% w/v) faecal suspension was prepared 
using 1× PBS (pH 7.2). RNA extraction was carried out by 
commercially available 5× Mag Max 96 viral isolation kit 
(Ambion, USA).

Primers
Published primers for nine different enteric viruses were used 
for the amplification of different genomic regions such as the 
VP6 gene for rotavirus [20], Hexon region for adenovirus [21], 
ORF-1 for astro [22] and RdRp for sapovirus [23], 5′NCR for 
enterovirus [24], 3C/3D for aichi virus [25], 5′UTR for human 

Table 1. Specific primers used in multiplex RT-PCR for amplifying the nine enteric virus genomes (AiV, SaV, HPeV, RV, AstV, HBoV, EVs, AdV and NoV 
viruses) in acute gastroenteritis specimens

Viruses and 
primers

Target 
region

Sequence 5–3 Sense Position Amplicon size 
(bp)

Reference

Aichi virus
6261
6779

3 CD ACACTCCCACCTCCCGCCAGTA
GGAAGAGCTGGGTGTCAAGA

+
−

6261–6282
6779–6760

519 bp [25]

Sapo Virus
SV F22
SV-R2

ORF-1 SMWAWTAGTGTTTGARATG
GWGGGRTCAACMCCWGGTGG

+
−

5154–5172
5591–5177

420 bp [23]

Human Parecho
PE-5F
PE-5R

5′UTR CCACGCTYGTGGAYCTTATG
GGCCTTACAACTAGTGTTTGC

+
−

292–312
553–533

261 bp [26]

Boca virus
AK-VP-F2
AK-VP-R2

VP1/2 GGCTCCTGCTCTAGGAAATAAAGAG
CCTGCTGTTAGGTCGTTGTTGTATGT

+
−

3233–3257
3779–3805

575 bp [27]

Rotavirus
VP6-F
VP6-R

VP6 GACGGVGCRACTACATGGT
GTCCAATTCATNCCTGGTGG

+
−

7
747–766

1106–1126

379 bp [20]

Astrovirus
Mon340-F
Mon348-R

ORF 1a CGTCATTATTTGTTGTCATACT
ACATGTGCTGCTGTTACTATG

+
−

1182–1204
1470–1449

289 bp [22]

Entero virus
160 F
597 R

5′NCR CAAGCACTTCTGTTTCCCCGG
ATTGTCACCATAAGCAGCCA

+
−

160–180
599–580

440 bp [24]

Adeno virus
Hexon1deg
Hexon2deg

Hexon GCC SCA RTG GKC WTA CAT GCA CAT C
CAG CAC SCC ICG RAT GTC AAA

+
−

21–46
322–301

301 bp [21]

Noro virus
SR46-F
GR12-R

RdRp TGGAATTCCATCGCCCACTGG
AGTTGTCACGATCTCATCATCACC

+
−

4754–4775
4879–4853

125 bp [28]

Y means C or T; W means A or T; and R means A or G; S means G or C; M means A or C; N means Any base; V means A,C or G; I means Inosine).
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parechovirus [26] , VP1/2 for bocavirus [27] and RdRp for 
norovirus GG II [28]. Primer sequences and nucleotide posi-
tion are mentioned in Table 1.

Multiplex PCR
Detection of three different enteric viruses in a single tube 
(tube 1: aichivirus, sapovirus and human parechovirus; tube 
2: bocavirus, rotavirus and astrovirus; tube 3: enterovirus, 
adenovirus and norovirus GG II virus) was carried out 
using One Step RT-PCR kit available commercially (Qiagen, 
Hilden, Germany).

Briefly, 4 μl of the extracted RNA was used for RT by dena-
turing at 94 °C for 3 min and then chilled on ice for 2 min. 
A reaction mix of 21 μl containing 5 μl of 5× buffer, 1 μl of 
dNTPs (10 mM), Rnase-free water, 1 μl/0.3 μl/0.2 μl each of 
20 μM of three pairs of specific primers for tube 1/tube 2/
tube 3 and 1 μl of the enzyme mix were added to make up 
the final volume to 25 μl. The reaction tubes were placed in a 
thermal cycler for 30 min at 45 and 95 °C for 15 min followed 
by 40 cycles of 94 °C for 1 min, 45 °C/50 °C for 1 min, 70 °C 
for 2.5 min with a final extension carried at 70 °C for 7 min. 
Annealing temperature was set at 45 and 50°C and was used 
for tube 1, tube 2 and for tube 3 viruses, respectively.

Monoplex PCR
Detection of single enteric virus was carried out by mono-
plex PCR using the same protocol as described above for the 
multiplex PCR. Except 1 μl each of specific primers (20 μm) 
was used in the reaction mixture [20–28].

Positive virus controls
The faecal specimens tested positive for a single virus (rota/
noro GG II /enteric adeno/astro/aichi/sapo/boca/entero 
virus) using One-Step RT-PCR kit were selected for further 
standardization of multiplex PCR.

Negative virus controls
Distilled water and stool samples tested negative for all nine 
enteric viruses served as negative controls.

Specificity testing of the three primer pairs
Specificity of the test mixture of three primer pairs was 
determined using appropriate positive controls. PCR mixture 
containing three primer pairs and each single target template 
(RNA), and three primer pairs and three target templates was 
conducted in two different combinations. Specificity of the 
test was also carried out using faecal samples negative for the 
target virus but positive for other viruses.

Electrophoresis
All the PCR products were analysed by horizontal gel electro-
phoresis using 1× Tris acetate EDTA (TAE) buffer pH 8.3 on 
2% agarose gels, containing ethidium bromide (0.5 mg ml−1) 
and visualized under UV transilluminator (AlfaImager HP 
Imaging System, CA, USA).

Sequence analysis
The PCR products generated by multiplex RT-PCR were 
purified and subjected to cycle sequencing to confirm the 
amplicons of target viral sequences.

Sensitivity and specificity testing of the assay
For this purpose a total of 230 faecal samples were selected, 
which included 45 samples collected from non-diarrheal 
cases and tested negative for all nine enteric viruses as nega-
tive controls. All 185 clinical samples collected from diarrheal 
cases tested positive earlier by monoplex PCR for one of the 
nine enteric viruses served as the positive controls.

Results
Detection of target viruses in faecal specimens by 
multiplex RT-PCR
Retrospective faecal specimens (n=185) collected from chil-
dren hospitalized for acute gastroenteritis were tested for all 
nine enteric viruses by monoplex PCR. Of these positivity for 
a single virus was confirmed in 101 (54.6%) of the samples 
[rotavirus (n=84), astrovirus (n=4), enterovirus (n=10), 
adenovirus (n=1), norovirus GG II (n=2)]. Mixed infections 
with AiV/SV/HPeV/BoV/RV were detected in 84 (45.4%) of 
the samples. All these 185 clinical samples tested by monoplex 
PCR were subjected to currently developed RT-multiplex 
PCR assay in order to establish the concordance of these two 
assay systems.

Based on this approach, results showed 98.9% (183/185) 
concordance between monoplex PCR and multiplex assay. 
Of the 183 positive samples 54.6% (n=101) of them showed 
single infections with rotavirus (n=84), astro (n=4), entero 
(n=10) and noro (n=2) viruses. The remaining 82 (44.8%) 
samples showed mixed infections with two or three viruses. 
These included mixed infections with rotavirus (n=61) 
followed by enterovirus (n=15), astrovirus (n=13), adeno-
virus (n=20), human parechovirus (n=10) and two each in 
sapovirus and norovirus. Overall, predominance of group A 
rotavirus (139/183, 75.9%) followed by enterovirus (11.47%, 
21), astrovirus (4.37%, 8), adenovirus (2.7%, 5), norovirus GII 
(1.64%, 3) were observed and two of the samples tested nega-
tive in the assay. Although, the noroviruses detected in the study 
belonged to genogroup II, no genogroup I strains were detected.

Of the 124 mixed infections, predominance of RV mixed 
infections was observed in 61 (49.2%) followed by HPeV in 
33 (26.6%), AiV in 31 (25%), BoV in 28 (22.6%), EV in 16 
(13%), AdV in 20 (16.1%), AstV in 13 (10.5%) and 2 (1.6%) 
in NoV and SaVs (Table 2). Combinations between group A 
rotavirus and human bocavirus in 19 (31.1%), parechovirus in 
16 (26.2%), aichivirus in 15 (24.6%), enterovirus in 10 (16.4%) 
and Sapovirus in 1 (1.6%) were detected (Table 2). Mixed 
infections of different non-rota enteric viruses were detected 
as mentioned; EV and AiV or BoVs or HPeV were found in 
three, five and seven of the clinical samples each. AdV was 
co-detected with SaV (n=1), HPeV (n=7), AiV (n=2) and RV 
and EV (n=5) each AstV was co-detected with AdV (n=6), 
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AiV (n=2), with SaV, HPeV, EV, BoV and RV in one sample 
each (Table 2).

Twenty-three clinical samples (23/82; 28%) showed mixed 
infections with more than two enteric viruses. Of these, 17 
specimens (17/23, 73.9%) showed group A RV infections in 
combination with other enteric viruses.

Specificity testing of the three primer pairs
The specificity of the test was conducted using positive 
controls in combination with the three primer pairs used in a 
single tube (Fig. 1). Combination of primers used in the study 
had amplified the viral genomes of the positive controls and 
generated three different expected size amplicons, i.e. 519, 
420 and 261 bp for tube 1 viruses (aichivirus, sapovirus and 
human parechovirus), 575, 379 and 289 bp for tube 2 viruses 
(bocavirus, rotavirus and astrovirus) and 437, 301 and 125 
bp for tube 3 viruses (enterovirus, adenovirus and norovirus 
GGII), respectively, in 2% agarose gel electrophoresis. Cycle 
sequencing of the individual virus amplicons was carried out 
in order to show its authenticity (data shown in Supplement 
1, available in the online version of this article). No cross-
reaction with non-targets was noticed. Negative controls did 
not show any amplification.

Sensitivity and specificity
Control samples (n=230), which included negative controls 
(n=45) and positive controls (n=185) when tested by currently 
developed multiplex RT-PCR assay, showed 98.9% sensitivity 
and 97.7% specificity and the results have been appended in 
Table 3.

Discussion
Globally diarrheal disease is considered as a major cause of 
mortality among children, and enteric viruses play a major 
etiologic role in causing gastroenteritis with incidence ranging 

from 45–86% [29–32]. It is mandatory to understand the 
possible viral etiological agents associated with diarrhea for 
implementation of interventions. The availability of affordable 
viral diagnosis will further help to improve patient care by 
reducing the unnecessary use of antibiotics [33]. Currently, 
molecular diagnosis by RT-PCR-based tool is considered to 
be a convenient, useful and powerful approach for detecting 
enteric viral pathogens from clinical specimens. It is also 
widely used as this assay provides simple, rapid and cost-
effective laboratory diagnosis [34].

A sensitive multiplex PCR assay was developed to detect 
nine different enteric viruses simultaneously in faecal speci-
mens collected from diarrheal patients. Although the assay 
included both DNA/RNA viruses, the same protocol standard 
of RT-PCR was used for detection of these viruses. This was 
done to minimize the handling and contamination problems. 
Also, the results could be co-related by using the same RNA 
and/or DNA as a template. The results demonstrated that the 
newly developed multiplex RT-PCR was specific in detecting 
nine enteric viruses and no cross-reaction with non-targets 
was observed (Fig. 1). The overall results showed good 
concordance (98.9%) in viral detection rates between mono-
plex RT-PCR and multiplex RT-PCR carried out on clinical 
specimens from diarrheal cases.

Studies carried out earlier, showed the presence of eight 
viral agents in faecal specimens as determined by two sets of 
primers used in multiplex RT-PCR [14, 15]. Subsequently, a 
multiplex PCR method using multiple primer pairs was used 
to detect four and ten viruses simultaneously [7, 17]. In India, 
although there have been few reports available on monoplex 
PCR for detection of enteric viruses in acute gastroenteritis 
cases, so far no such attempts have been made to detect a wide 
range of enteric viruses using One-Step RT-PCR kit. Also in 
contrast to the other studies reported, the combinations and 
panel of viruses selected in the currently developed multiplex 

Table 2. Combination of different enteric viruses in mixed infections detected by multiplex PCR in diarrheal cases

Enteric viruses Enteric viruses detected by multiplex PCR

AiV
(n)

NoV
(n)

EV
(n)

BoV
(n)

RV
(n)

SaV (n) HPeV (n) AstV (n) AdV
(n)

AiV (31) – 0 3 1 15 2 6 2 2

SaV (4) – 0 0 0 1 – 1 1 1

BoV(28) – 0 5 – 19 – 3 1 0

HPeV (33) – 2 7 – 16 – – 1 7

EV (16) – 0 – – 10 – – 1 5

NoV (0) – – – – – – – – –

AdV(1) – 0 – – 0 – – 1 –

RV (11) – – – – – – – 6 5

AstV(0) – – – – – – – – –

Total (124) 0 2 15 1 61 2 10 13 20
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PCR and the methodology optimized was completely different 
[7, 17, 35]. The sensitivity was also increased by using the 
MagMax RNA extraction method followed by multiplex PCR 
using the Qiagen One-Step RT-PCR kit as described earlier 
[36]. The sensitivity and specificity of the newly developed 
RT-multiplex PCR demonstrated a good concordance 
(98.9%) with the monoplex PCR. The primer set used in this 
study was appropriate for screening nine different enteric 
viruses in clinical specimens from infants and children with 
acute gastroenteritis. The same primers had been used earlier 

Fig. 1. (a) Specificity testing of (tubes 1 and 2) the multiplex RT-PCR assay with a mixture of three primer pairs for three positive controls. 
Lanes 2–4, aichi, sapo and HPeV, respectively. Lanes 5 and 6 the mixture of aichi virus, sapo and HPeV positive controls, M, marker. 
Lanes 7–9, boca, rota and astro, respectively. Lane 10 the mixture of bocavirus, rota and astro positive controls. (b) Specificity testing 
of the (tube 3) multiplex PCR assay with a mixture of three primer pairs for three positive controls. Lanes 2–4, entero, noro and adeno, 
respectively. Lanes 5 and 6, the mixture of entero, noro and adeno positive controls; M, marker.

Table 3. Sensitivity and specificity of the multiplex RT-PCR assay using 
control samples

Samples Positive Negative Total

Positive (n=185) 183 2 185

Negative (n=45) 1 44 45

Sensitivity: 98.9%
Specificity: 97.7%
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in conventional PCRs for the detection of single infections 
[20–28].

When all the faecal specimens (n=185) tested positive for 
different enteric viruses by monoplex RT-PCR were selected 
for multiplex PCR assay, high percentage of mixed infections 
(84/185, 46%) were detected. These results were in good 
agreement to the reports available recently from Burkina 
Faso, 35.7% [30] and China, 23% [37]. Human parechovirus 
and bocavirus have been known to cause sepsis-like illness 
with meningitis and respiratory tract infections [12, 38] in 
young infants and children. Frequent detection and the high 
prevalence of these viruses in faecal specimens of children 
with acute gastroenteritis (AGE) worldwide have raised 
the possibility of their association with viral gastroenteritis 
[5, 39, 40].

Co-infections of rotavirus and bocavirus or parechovirus 
were noted at 26.2–31.1% level by this method. These find-
ings differed from those reported from the USA, where 
3.95–5.26% prevalence in AGE cases was reported by using 
the monoplex PCR for these viruses [41]. Earlier reports 
have suggested that mixed infections may be responsible for 
more-severe diarrhea [42, 43]. The possible explanation for 
this could be that RVA infections cause enterocyte destruction 
from the top of intestinal villus, which increases the risk of 
opportunistic pathogen infection [41].

Since it is known that diarrhea is often caused due to multiple 
enteric pathogens [44, 45], it is mandatory to screen diar-
rheal samples for the most prevalent pathogens using a rapid, 
sensitive, cost effective assay such as a multiplex PCR. Such a 
type of assay system will be especially useful while handling a 
large number of clinical samples during diarrheal epidemics 
and for conducting outbreak investigations of gastroen-
teritis where results need to be communicated to clinicians 
in a short span of time. However, laboratory investigations 
conducted using molecular techniques needs to be compared 
with clinical symptoms/history of the patients to find out the 
actual causative agent [46, 47] especially when mixed infec-
tions are detected. In this study, detection of other enteric 
viruses such as bocavirus and parechoviruses associated with 
diarrheal diseases has also been included as recent studies 
have shown the prevalence and importance of these viruses 
[48, 49]. Also, the possibilities of asymptomatic colonization 
cannot be ruled out.

In summary, the currently developed multiplex RT-PCR assay 
would be useful in screening nine different enteric viruses in 
the clinical laboratory. Outcome of the approach would be 
helpful in patient care, clinical management and for develop-
ment of intervention strategies as diarrheal disease is a major 
global public health problem.

Funding information
National Institute of Virology, ICMR.

Acknowledgements
The authors are thankful to Dr D.T. Mourya, Director, National Institute 
of Virology, Pune India for all the support. The help of Mr P.S. Jadhav 

during sample collection from the hospitals and Mrs Nutan Chavan for 
her technical help is gratefully acknowledged. Thanks are due to Dr R. 
Dhongde from Shaishav hospital and Dr V. Kalrao from Bharati hospital 
for their cooperation in providing clinical samples.

Conflict of interest
The authors declare that there are no conflicts of interest.

Ethical statement
The study has already been approved by the ethical committee of 
National Institute of Virology, Pune, India.

References
	1.	 Lanata CF, Fischer-Walker CL, Olascoaga AC, Torres CX, Aryee MJ 

et  al. Child Health Epidemiology Reference Group of the World 
Health Organization and UNICEF. Global causes of diarrheal 
disease mortality in children <5 years of age: a systematic review. 
PLoS One 2013;4:e72788.

	2.	 Platts-Mills JA, Operario DJ, Houpt ER. Molecular diagnosis of 
diarrhea: current status and future potential. Curr Infect Dis Rep 
2012;14:41–46.

	3.	 van Maarseveen NM, Wessels E, de Brouwer CS, Vossen AC, 
Claas EC. Diagnosis of viral gastroenteritis by simultaneous 
detection of adenovirus group F, astrovirus, rotavirus group 
A, norovirus genogroups I and II, and sapovirus in two inter-
nally controlled multiplex real-time PCR assays. J Clin Virol 
2010;49:205–210.

	4.	 Clark B, McKendrick M. A review of viral gastroenteritis. Curr Opin 
Infect Dis 2004;17:461–469.

	5.	 Chow BD, Ou Z, Esper FP. Newly recognized bocaviruses (HBoV, 
HBoV2) in children and adults with gastrointestinal illness in the 
United States. J Clin Virol 2010;47:143–147.

	6.	 Pham NT, Khamrin P, Nguyen TA, Kanti DS, Phan TG et al. Isolation 
and molecular characterization of Aichi viruses from fecal speci-
mens collected in Japan, Bangladesh Thailand, and Vietnam. J Clin 
Microbiol 2007;45:2287–2288.

	7.	 Pham NT, Trinh QD, Chan-It W, Khamrin P, Shimizu H et al. A novel 
RT-multiplex PCR for detection of Aichi virus, human parechovirus, 
enteroviruses, and human bocavirus among infants and children 
with acute gastroenteritis. J Virol Methods 2010;169:193–197.

	8.	 Reuter G, Boldizsár A, Papp G, Pankovics P. Detection of Aichi virus 
shedding in a child with enteric and extraintestinal symptoms in 
Hungary. Arch Virol 2009;154:1529–1532.

	9.	 Akhter S, Turegun B, Kiyan M, Gerceker D, Guriz H et al. Investiga-
tion of seven different RNA viruses associated with gastroenteritis 
in children under five years old. Mikrobiyol Bul 2014;48:233–241.

	10.	 Amar CF, East CL, Gray J, Iturriza-Gomara M, Maclure EA et  al. 
Detection by PCR of eight groups of enteric pathogens in 4,627 
faecal samples: re-examination of the English case-control infec-
tious intestinal disease Study (1993–1996). Eur J Clin Microbiol 
Infect Dis 2007;26:311–323.

	11.	 Guan H, Zhang J, Xiao Y, Sha D, Ling X et  al. Evaluation of PCR 
based assays for the improvement of proportion estimation of 
bacterial and viral pathogens in diarrheal surveillance. Front 
Microbiol 2016;30:386.

	12.	 Harvala H, Simmonds P. Human parechoviruses: biology, epidemi-
ology and clinical significance. J Clin Virol 2009;45:1–9.

	13.	 Lu L, Jia R, Zhong H, Xu M, Su L et al. Molecular characterization 
and multiple infections of rotavirus, norovirus, sapovirus, astro-
virus and adenovirus in outpatients with sporadic gastroenteritis 
in Shanghai, China, 2010–2011. Arch Virol 2015;160:1229–1238.

	14.	 Yan H, Nguyen TA, Phan TG, Okitsu S, Li Y et al. Development of 
RT-multiplex PCR assay for detection of adenovirus and group A 
and C rotaviruses in diarrheal fecal specimens from children in 
China. Kansenshogaku Zasshi 2004;78:699–709.

	15.	 Yan H, Yagyu F, Okitsu S, Nishio O, Ushijima H et al. Detection of 
norovirus (Gi, GII), sapovirus and astrovirus in fecal samples using 
reverse transcription single-round multiplex PCR. J Virol Methods 
2003;114:37–44.



7

Tatte and Gopalkrishna, Access Microbiology 2019;1

	16.	 Rohayem J, Berger S, Juretzek T, Herchenröder O, Mogel M et al. A 
simple and rapid single-step multiplex RT-PCR to detect norovirus, 
astrovirus and adenovirus in clinical stool samples. J Virol Methods 
2004;118:49–59.

	17.	 Khamrin P, Okame M, Thongprachum A, Nantachit N, Nishimura S 
et al. A single-tube multiplex PCR for rapid detection in feces of 10 
viruses causing diarrhea. J Virol Methods 2011;173:390–393.

	18.	 Hamza IA, Jurzik L, Wilhelm M. Development of a Luminex assay 
for the simultaneous detection of human enteric viruses in sewage 
and river water. J Virol Methods 2014;204:65–72.

	19.	 Stockmann C, Pavia AT, Graham B, Vaughn M, Crisp R et al. Detec-
tion of 23 gastrointestinal pathogens among children who present 
with diarrhea. J Pediatric Infect Dis Soc 2017;6:231–238.

	20.	 Iturriza Gómara M, Wong C, Blome S, Desselberger U, Gray J. Molec-
ular characterization of VP6 genes of human rotavirus isolates: 
correlation of genogroups with subgroups and evidence of inde-
pendent segregation. J Virol 2002;76:6596–6601.

	21.	 Allard A, Albinsson B, Wadell G. Rapid typing of human adenovi-
ruses by a general PCR combined with restriction endonuclease 
analysis. J Clin Microbiol 2001;39:498–505.

	22.	 Belliot G, Laveran H, Monroe SS. Detection and genetic differen-
tiation of human astroviruses: phylogenetic grouping varies by 
coding region. Arch Virol 1997;142:1323–1334.

	23.	 Okada M, Yamashita Y, Oseto M, Shinozaki K. The detection 
of human sapoviruses with universal and genogroup-specific 
primers. Arch Virol 2006;151:2503–2509.

	24.	 Puig M, Jofre J, Lucena F, Allard A, Wadell G et al. Detection of 
adenoviruses and enteroviruses in polluted waters by nested PCR 
amplification. Appl Environ Microbiol 1994;60:2963–2970.

	25.	 Yamashita T, Sakae K, Tsuzuki H, Suzuki Y, Ishikawa N et  al. 
Complete nucleotide sequence and genetic organization of Aichi 
virus, a distinct member of the Picornaviridae associated with 
acute gastroenteritis in humans. J Virol 1998;72:8408–8412.

	26.	 van der Sanden S, de Bruin E, Vennema H, Swanink C et al. Preva-
lence of human parechovirus in the Netherlands in 2000 to 2007. J 
Clin Microbiol 2008;46:2884–2889.

	27.	 Kapoor A, Simmonds P, Slikas E, Li L, Bodhidatta L et al. Human 
bocaviruses are highly diverse, dispersed, recombination prone, 
and prevalent in enteric infections. J Infect Dis 2010;201:1633–1643.

	28.	 Girish R, Broor S, Dar L, Ghosh D. Foodborne outbreak caused by a 
Norwalk-like virus in India. J Med Virol 2002;67:603–607.

	29.	 Lekana-Douki SE, Kombila-Koumavor C, Nkoghe D, Drosten C, 
Drexler JF et  al. Molecular epidemiology of enteric viruses and 
genotyping of rotavirus A, adenovirus and astrovirus among chil-
dren under 5 years old in Gabon. Int J Infect Dis 2015;34:90–95.

	30.	 Ouédraogo N, Kaplon J, Bonkoungou IJ, Traoré AS, 
Pothier P et al. Prevalence and genetic diversity of enteric viruses 
in children with diarrhea in Ouagadougou, Burkina Faso. PloS One 
2016;11:e0153652.

	31.	 Ouyang Y, Ma H, Jin M, Wang X, Wang J et al. Etiology and epidemi-
ology of viral diarrhea in children under the age of five hospitalized 
in Tianjin, China. Arch Virol 2012;157:881–887.

	32.	 Sdiri-Loulizi K, Gharbi-Khelifi H, De Rougemont A, Chouchane S, 
Sakly N et al. Acute infantile gastroenteritis associated with human 
enteric viruses in Tunisia. J Clin Microbiol 2008;46:1349–1355.

	33.	 Llor C, Bjerrum L. Antimicrobial resistance: risk associated with 
antibiotic overuse and initiatives to reduce the problem. Ther Adv 
Drug Saf 2014;5:229–241.

	34.	 Stofanko M, Gonçalves-Dornelas H, Cunha PS, Pena HB, Vianna-
Morgante AM et  al. Simple, rapid and inexpensive quantitative 
fluorescent PCR method for detection of microdeletion and micro-
duplication syndromes. PLoS One 2013;8:e61328.

	35.	 Wang J, Xu Z, Niu P, Zhang C, Zhang J et al. A two-tube multiplex 
reverse transcription PCR assay for simultaneous detection of 
viral and bacterial pathogens of infectious diarrhea. Biomed Res Int 
2014;648520.

	36.	 Brault AC, Fang Y, Reisen WK. Multiplex qRT-PCR for the detection 
of western equine encephalomyelitis, St. Louis encephalitis, and 
West Nile viral RNA in mosquito pools (Diptera: Culicidae). J Med 
Entomol 2015;52:491–499.

	37.	 Zhang C, Niu P, Hong Y, Wang J, Zhang J et al. A probe-free four-
tube real-time PCR assay for simultaneous detection of twelve 
enteric viruses and bacteria. J Microbiol Methods 2015;118:93–98.

	38.	 Allander T, Tammi MT, Eriksson M, Bjerkner A, Tiveljung-
Lindell A et  al. Cloning of a human parvovirus by molecular 
screening of respiratory tract samples. Proc Natl Acad Sci USA 
2005;102:12891–12896.

	39.	 Benschop K, Thomas X, Serpenti C, Molenkamp R, 
Wolthers K. High prevalence of human Parechovirus (HPeV) geno-
types in the Amsterdam region and identification of specific HPeV 
variants by direct genotyping of stool samples. J Clin Microbiol 
2008;46:3965–3970.

	40.	 Cheng WX, Jin Y, Duan ZJ, Xu ZQ, Qi HM et al. Human bocavirus 
in children hospitalized for acute gastroenteritis: a case-control 
study. Clin Infect Dis 2008;47:161–167.

	41.	 Chhabra P, Payne DC, Szilagyi PG, Edwards KM, Staat MA et al. 
Etiology of viral gastroenteritis in children <5 Years of age in the 
United States, 2008–2009. J Infect Dis 2013;208:790–800.

	42.	 Román E, Wilhelmi I, Colomina J, Villar J, Cilleruelo ML et al. Acute 
viral gastroenteritis: proportion and clinical relevance of multiple 
infections in Spanish children. J Med Microbiol 2003;52:435–440.

	43.	 Taylor MB, Marx FE, Grabow WO. Rotavirus, astrovirus and adeno-
virus associated with an outbreak of gastroenteritis in a South 
African child care centre. Epidemiol Infect 1997;119:227–230.

	44.	 Wiemer D, Loderstaedt U, von Wulffen H, Priesnitz S, Fischer M 
et al. Real-time multiplex PCR for simultaneous detection of Campy-
lobacter jejuni, Salmonella, Shigella and Yersinia species in fecal 
samples. Int J Med Microbiol 2011;301:577–584.

	45.	 Youssef M, Shurman A, Bougnoux M, Rawashdeh M, Bretagne S 
et  al. Bacterial, viral and parasitic enteric pathogens associated 
with acute diarrhea in hospitalized children from northern Jordan. 
FEMS Immunol Med Microbiol 2000;28:257–263.

	46.	 Corcoran MS, van Well GT, van Loo IH. Diagnosis of viral gastro-
enteritis in children: interpretation of real-time PCR results 
and relation to clinical symptoms. Eur J Clin Microbiol Infect Dis 
2014;33:1663–1673.

	47.	 Wolffs PF, Bruggeman CA, van Well GT, van Loo IH. Replacing 
traditional diagnostics of fecal viral pathogens by a comprehensive 
panel of real-time PCRs. J Clin Microbiol 2011;49:1926–1931.

	48.	 Lekana-Douki SE, Behillil S, Enouf V, Leroy EM, Berthet N. Detec-
tion of human bocavirus-1 in both nasal and stool specimens from 
children under 5 years old with influenza-like illnesses or diarrhea 
in Gabon. BMC Res Notes 2018;11:495.

	49.	 Sano K, Hamada H, Hirose S, Sugiura K, Harada S et al. Prevalence 
and characteristics of human parechovirus and enterovirus infec-
tion in febrile infants. Pediatr Int 2018;60:142–147.


	Detection of different enteric viruses in children with diarrheal disease: evidence of the high frequency of mixed infections
	Abstract
	Introduction
	Methods
	Specimens
	Ethical clearance
	Nucleic acid extraction
	Primers
	Multiplex PCR
	Monoplex PCR
	Positive virus controls
	Negative virus controls
	Specificity testing of the three primer pairs
	Electrophoresis
	Sequence analysis
	Sensitivity and specificity testing of the assay

	Results
	Detection of target viruses in faecal specimens by multiplex RT-PCR
	Specificity testing of the three primer pairs
	Sensitivity and specificity

	Discussion
	References


