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Abstract

Background: Acute diarrhea remains a major public health
issue worldwide, with gastroenteritis agents associated with
a high morbidity, especially in infants and young children. A
1-year study (2009-2010) of rotavirus (RV)-caused pediatric
diarrhea was performed on hospitalized children admitted
with symptoms of acute diarrhea to the University Hospital
of Patras, Greece. Methods: Twenty-nine fecal samples were
investigated for RVs, adenoviruses (AdVs), and enteroviruses
(EVs) in an attempt to characterize these enteric viruses,
which have been implicated in hospitalized diarrhea. Re-
sults: A 44.8% (13/29) incidence of viral infection was report-
ed for the viral targets. Monoinfections accounted for 31%
(9/29), while bi-infections accounted for 13.4% (4/29). Se-
quencing of positive samples allowed identification of RVs
G4P[8](2/29), G9P[8] (1/29), and interestingly of the rare type
G12P[8] (2/29). AdV types 1, 2, and 6 were also identified in
4/29, 1/29, and 1/29 of the samples, respectively. Regarding
the EVs, EV71 (2/29), coxsackievirus A4 (1/29), echovirus 11

(1/29), and EV96 (1/29) were typed. Conclusion: The results
of the present study, and specifically the detection of rare RV
G12 and EV71 strains, address the need for continuous epi-
demiological surveys to provide epidemiological pictures of
pediatric viral infections circulating in the community.
Copyright © 2013 S. Karger AG, Basel

Gastroenteritis agents are associated with a high mor-
bidity, especially in infants and young children, and cause
large outbreaks and high numbers of sporadic cases
worldwide. Known and emerging enteric viruses are rec-
ognized as important pathogenic agents [1]. Neverthe-
less, the molecular epidemiological characteristics of in-
fant and pediatric gastroenteritis associated with viral
agents are poor in many countries, mainly due to the in-
existence of specific national surveillance systems for gas-
troenteritis. Only limited data on enteropathogenic vi-
ruses are available from Greece, where there is no sys-
tematic surveillance system for viral gastroenteritis [2].
Rotaviruses (RVs) are enteric pathogens in humans and
animals that are found worldwide. Group A RVs are the
most important causative agents of severe childhood di-
arrhea. RV gastroenteritis represents a major public
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health burden in the EU and is responsible for almost half
of the acute gastroenteritis (AGE) hospitalizations and
emergency visits in children up to 5 years of age in Greece
[3, 4]. RV genotype distribution varies seasonally and
among countries and regions. Studies from European
centers report G1P[8], G2P[4], G9P[8], G3P[8], and
G4P([8] as their most frequently identified genotypes [3].
A growing number of countries worldwide have reported
the occurrence of G12, both sporadically and as a geno-
type of notable incidence [5-9]. To the best of our knowl-
edge, the G12 genotype has not previously been reported
in Greece.

Human adenoviruses (AdVs) are divided into six sub-
groups (A-F) comprised of 51 different serotypes [10].
Out of the six subgroups, AdVs of subgroup F (enteric
serotypes 40 and 41) are estimated to be associated with
5-20% of AGE cases among infants and young children
[2]. Human enteroviruses (EVs) belong to the family Pi-
cornaviridae and are among the most common causes of
acute viral illness in childhood [11]. A recent study de-
scribed the identification of strains belonging to human
EV species B and A in children and the detection of the
emerging pathogen EV71 for the first time in Greece [12].
To evaluate the epidemiological and clinical role of dif-
ferent viruses in sporadic pediatric gastroenteritis pa-
tients in Italy, a 1-year study (2008-2009) showed that RV
was the pathogen most frequently detected (38.3%), with
AdVs detected at 2.6% and EVs not detected at all [1].

The objective of the present study was to evaluate the
incidence of RV, AdV, and EV in hospitalized children
with diarrhea at the University Hospital of Patras in
southwestern Greece during the period 2009-2010. Dur-
ing the 1-year study period (March 2009 to March 2010),
stool specimens were collected from 29 of the hospital-
ized children suffering from nonbacterial AGE who
agreed to participate in the study. Demographic (age, sex,
residence, school, specific population, and vaccination)
and clinical data such as days of hospitalization and
symptoms (vomiting, mucus, diarrhea, bloody stools, fe-
ver, and abdominal pain) were collected from self-admin-
istered questionnaires. During the study period, no AGE
outbreak was reported. Stool samples were collected in
sterile containers and transported immediately to the lab-
oratory. They were collected within the first 24 h of hos-
pitalization to avoid the possibility of nosocomial viral
infection. Samples were initially screened for bacterial
pathogens (Salmonella spp., Shigella, Escherichia coli,
Pseudomonas spp.) and stored at -80° as a 10% fecal sus-
pension in a balanced salt solution until they were pro-
cessed for virological analysis. Viral nucleic acids were
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extracted from stool specimens using the QIAamp Viral
RNA mini-kit (Qiagen, Hilden, Germany), using the
QIAcube fully automated platform. PCR, RT-PCR, and
nested PCR techniques were used for the detection of the
selected viral targets, according to previously published
protocols [13-17], by targeting the hexon gene (AdVs),
gene 9 (RVs), and 5" NTR (EVs). Extracted RV dsRNA
was first reverse-transcribed into gene 9 full-length cDNA
with the generic primers Beg9/End9 (1,062 bp) [16].
Then, in a second step, the cDNA product was used as a
template for PCR VP7 amplification with the same Beg9/
End9 pair of primers [14]. For P-typing, primers Con2-
Con3 [17], or primers VP4F/VP4R [13], were used for
amplification of a VP4-specific region. For AdV DNA
amplification, primers HexA/HexB (308 bp) and nHexA/
nHexB (143 bp) were used, while for EV RNA amplifica-
tion, Ent1/Ent2 (540 bp) and nEnt1/nEnt2 (123 bp) prim-
ers were used. Reverse transcription and first PCR ampli-
fication for RV and EV were performed in a one-tube
format with the Qiagen one-step RT-PCR (Qiagen). Pos-
itive PCR products were purified using the QIAquick
PCR purification kit (Qiagen, USA) and QIAcube, and
confirmed by sequencing (Sequencing Unit, School of
Medicine, University of Thessaly, Thessaly, Greece). Pos-
itive G12 RV strains were also sent to Istituto Superiore
di Sanita (ISS, Rome, Italy) for confirmation analysis. The
obtained nucleotide sequences were analyzed by the
BLAST program at the NIH website (NCBI, National
Center for Technology Control, NIH, USA), and were
compared with each other and with other published se-
quences. Multiple alignments were performed using the
MEGA Molecular Evolutionary Genetics Analysis ver-
sion 4.0.2 program. The neighbor-joining method was
applied for the phylogenetic tree analysis, the reliability
of which was assessed by bootstrap resampling (1,000
pseudoreplicates) using the MEGA program.

The median age of all children with gastroenteritis
was 24 months (range: 1-120). The average age of the
hospitalized children was 16.5 months. Ninety-eight of
the admitted children were less than 12 months (23.5%).
The children mainly lived in three prefectures of western
Greece (Aitoloakarnania, Achaia, Ilia), which make up
the fourth most populated region in Greece with 7% of
the country’s total population (741,282 inhabitants, 2011
census). 56.4% of the admitted children were male. 16.3%
of the total admitted children were immigrants or Roma.
The symptoms of the patients from which the samples
derived were vomiting, mucus, diarrhea, bloody stools,
fever, and abdominal pain, and were reported in 41.37%
(12/29), 41.37% (12/29), 96.5% (28/29), 44.82% (13/29),
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Fig. 1. Neighbor-joining phylogenetic den-
drogram representing phylogenetic rela-
tionships among the two Greek RVGI2
strains (highlighted with arrows), and 22 ref-
erence strains, the sequences of which were
retrieved from the GenBank database. The
strain name is followed by the viral host
(Hu = human; Po = porcine), as well as the
country of origin. G12 lineages I, II, III, IV
are presented on the right. GenBank ac-
cession Nos. of VP7 genes include G12-1
(EF672595.1 Hu/L26 Philippines G12-I),
GI12-I (AB186120.1 Hu/K12 Japan,
AB071404.1Hu/T152Thailand, EU496259.1
Hu/Kor588 South Korea, EU496257.1 Hu/
Arg720 Argentina), G12-III (DQ146665.1
Hu/Dhakal2-03 Bangladesh, AB264004.1
Hu/04S010 Nepal, EU839935.1 Hu/MMC29

GR2121 Hu Greece «
GR2128 Hu Greece -
GER126-08 Hu Germany
045010 Hu Nepal

455 1SO 1 Hu India

Se585 Hu USA
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B4633-03 Hu Belgium

MD844 Hu Saudi Arabia
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ISO14 Hu India
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Bangladesh, DQ146687.1 Hu/N26-02 Ban-
gladesh, AB263989.1 Hu/N158 Nepal,
AY206861.1 Hu/ISO 1 India, FJ747618.1
Hu/GER126-08 Germany, DQ490550.1 Hu/
RV161-00 Bangladesh, Q017650.1 Hu/
ISO14 India, AJ311741.1 Hu/Se585 USA,
DQ062130.1 Hu/ISO30 India, FJ152110.1
Hu/US6588 USA, EF059917.1 Hu/CAU 214
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58.62% (17/29), and 10.34% (3/29) of the patients, re-
spectively. Roma accounted for 20.68% (6/29), while im-
migrants accounted for 10.34% (3/29). The median age
of the patients with positive fecal samples for the tested
viral targets was 16.4 months; the age range was 4-30
months, 4 patients were aged less than 12 months, and
there were 9 males and 4 females. Only 2 samples were
also found to be positive for a bacterial pathogen [Pseu-
domonas spp. (n = 1), Salmonella enterica serovar enter-
itidis (n = 1), multisensitive]. No target viruses were de-
tected in the Salmonella-positive sample, while the Pseu-
domonas-positive sample was positive for both AdV
(AdV1) and EV (EV96). Of the 29 stool samples collect-
ed, 5 were obtained during autumn, 14 during winter, 5
during spring, and 5 during summer. In total, viruses
were detected in 44.8% (13/29) of the analyzed fecal sam-
ples. Viral monoinfections accounted for 31.0% (9/29),
while viral bi-infections accounted for 13.4% (4/29). In
detail, AdV and EV were found to be simultaneously
present in 2 samples, while EV and RV were both detect-

Rare Types of RV in Greece

ed in the other 2 samples. AdV types 1, 2, and 6 were rec-
ognized in 13.8% (4/29), 3.4% (1/29), and 3.4% (1/29) of
the patients, respectively. Regarding the EVs, EV71
(2/29), coxsackievirus A4 (1/29), echovirus 11 (1/29),
and EV 96 (1/29) were identified. RVs G4P[8] (2/30),
G9P[8] (1/30), and G12P[8] (2/30) were detected. Posi-
tive RVG12P[8] strains were found in specimens from a
72-month-old male and a 30-month-old female, both
Roma from Ilia. These 2 patients were hospitalized in
December 2009 and January 2010, respectively. The boy
had a negative stool culture for bacterial pathogens and
presented with vomiting, diarrhea, fever, and abdominal
pain, but no bloody stools or mucus, while the girl pre-
sented with vomiting, mucus, diarrhea, fever, and no
bloody stools or abdominal pain. The two children had
not previously been vaccinated against RVs. The phylo-
genetic analysis is summarized in figure 1.

A neighbor-joining phylogenetic tree was constructed
to illustrate the phylogenetic relationships among the two
Greek RVGI2 strains and 22 reference strains (fig. 1)
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which represent lineages I-IV. Greek RVG12 strains clus-
tered with a German strain (GER126-08) and belonged to
G12-III lineage. A nucleotide alignment to compare the
two Greek RVG12 strains to each other showed a very
high nucleotide identity of 99%. Both Greek strains
showed a nucleotide identity of 98% to the German strain
GER126-08 (GenBank accession No. F]747618). VP7 nu-
cleotide alignments of the two Greek strains with pub-
lished sequences showed a 99% homology to G12-III
strains CU607-TK/09 (Thailand), ISO129 (India), and
KUH146 (Sri Lanka). Isolated EV strains belonged to spe-
cies EV-A (n = 3), EV-B (n = 1), and EV-C (n = 1).
GREV1914 isolate was identified as an EV71 strain, and
presenteda 100% nucleotide identity toisolates EV054_07
(Canada), 10118 (the Netherlands), NUH0075/SIN/08
(Singapore), ENT/PM/SHA71 (Malaysia), and HME-270
(Taiwan). GREV1917 had a 96% nucleotide identity with
human EV96 strain BAN00-10488 (Bangladesh), while
GREV1923 strain had a 91% nucleotide identity to EV71
isolates THA-EV71-002 (Thailand), 15-AUT2001 (Aus-
tria), and NSW/182/98 (Australia). Finally, GREV2128
presented a 100% nucleotide identity to human echovirus
11 isolate Indial15 (India) and isolate NSW/19/97 (Aus-
tralia). Finally, GREV2130 strain had an 88% homology
to human coxsackievirus A4 strain High Point.

RV is the most common cause of AGE in children up
to 5 years of age in Greece. It has a greater clinical burden
compared to non-RV AGE, and it occurs more frequent-
ly in winter months [3]. Five common serotypes (G1, G2,
G3, G4, and G9) are responsible for over 98% of all RV
infections in Europe [4]. Studies on RV genotype distri-
bution are very few in Greece, although some remarkable
works have recently been published [3, 18]. During a
multicenter study conducted during the period 2007-
2008, a strain that displayed the unusual G12P[14] type
was finally identified as G8P[14] [3]. To the best of our
knowledge, RVG12 strains were never reported previ-
ously in Greece. In the present study, RV G4P[8] (2/29),
G9P[8] (1/29), and G12P[8] (2/29) were detected, main-
ly during winter (4/5 during winter, 1/5 during March
2010).

It is possible that collecting data from only one center
might affect the genotyping analysis since genotype dis-
tribution may significantly vary in different regions. A
further limitation in this study is due to the low number
of analyzed samples. This occurred due to the refusal of
patients to participate in the study. Nevertheless, the de-
tection of two positive RVGI12 strains in the analyzed
samples is suggestive of some circulation of this uncom-
mon viral genotype at least in the southwest of Greece,
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and underlines the need for further investigations on any
changes in the genotype distribution and the emergence
of unusual genotypes in order to provide a true epide-
miological picture. Although RV vaccines have been on
the market in Greece for the last 5 years and can be ad-
ministered by local pediatricians, the vaccine has only re-
cently been incorporated into the Greek NIP, and full-
dose vaccination coverage has remained lower than 30%
(at least until 2009-2010) [4, 18].

Although enteric AdV types 40 and 41 seem to pre-
dominate, nonenteric subgenera (A and C) can also be
causally implicated [2]. In our study, AdV types 40 and
41 were surprisingly not detected at all, whereas AdV
types 1, 2, and 6 were recognized in 13.3% (4/30), 3.3%
(1/30), and 3.3% (1/30), respectively. This apparent dif-
ference might again be due to either geographic or tem-
poral differences or to the limited number of patients in-
vestigated presently. In the present study, EV71, cox-
sackievirus A4, echovirus 11, and EV96 were identified in
a total of 5 cases out of 29 tested. EV71 (species human
EV-A) appears to be an emerging neurotropic EV since
several outbreaks and severe clinical complications with
EV71 infection were found [19, 20]. EV71 infections are
common in children and are acquired largely in the (pre)
school years, while spread of these viruses is lower in the
other age groups [21]. Echovirus 11 (species human EV-
B) is among the most frequently isolated EV serotypes
worldwide, while coxsackievirus A strains, including A4,
have been implicated in important epidemics around the
world [22]. A recent investigation of EV circulation in
children identified strains of EV-B and EV-A. All report-
ed EV-A serotypes of that study, were detected for the
first time in Greece, and — most notably- six of them were
identified as EV71 [12].

The investigation of VP1-target sequences could have
been more useful for the precise description of the mo-
lecular epidemiology of the isolated EV strains in the
present study. Investigation of other viruses, such as nor-
oviruses, parechoviruses, toroviruses, Aichi viruses, pico-
birnaviruses, and picotrinavirus might help increase the
diagnosis rate in children with gastroenteritis [1, 2].

This study was designed to assess the prevalence of se-
lected viral agents in sporadic pediatric gastroenteritis pa-
tients attending the University Hospital of Patras and to
improve knowledge in the geographical context of west-
ern Greece. The study detected the emerging RVG12
strains for the first time in Greece. This finding together
with the identification of EV71 strains in a relatively lim-
ited number of patients during a 1-year period and from
one hospital, emphasizes the need for extended surveil-
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lance studies, especially in pediatric populations, in order
to investigate any changes in the genotype distribution
with time and the emergence of unusual genotypes of vi-

ral enteropathogens.
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