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Abstract A 22-month study (2008-2009) was carried out

on 273 patients (average age 40 months), admitted with

gastroenteritis to the Pediatric Unit of L. Sacco University

Hospital in Milan, Italy. Fecal samples were investigated

for rotavirus (HRV), norovirus (NoV), adenovirus (AdV),

sapovirus (SaV), enterovirus, astrovirus and bocavirus

(HBoV). A 38.3% incidence of infection was observed for

HRV, followed by NoV (16.2%), HBoV (13.6%), AdV

(2.6%) and SaV (0.6%). Clinical evaluation of 109 gas-

troenteritis patients with confirmed diagnosis was graded

by the Ruska-Vesikari scoring system, showing vomiting

(78%), diarrhea (96%) and fever (80%). A total of 25 NoV-

positive samples were selected for nucleotide sequence

analysis. The severity of AdV-associated infection was

lower than for NoV, HRV and HBoV. These latter viruses

caused similar symptoms that were indistinguishable using

clinical information. NoV, HRV and HBoV were often

present as mixed infections (13.1%). Sequencing of NoV-

positive samples allowed identification of GII.2, GII.3 and

GII.4 2006 variants.

Introduction

Gastroenteritis agents are associated with a high morbidity,

especially in infants and young children, and cause large

outbreaks and large numbers of sporadic cases worldwide.

Currently, a national surveillance system that is able to

determine the incidence of different etiologic agents of

gastroenteritis is not in place in Italy. However, reporting

systems based on regional data have been implemented in

the last few years [1, 2]. In the past, human rotavirus

(HRV; family Reoviridae, genus Rotavirus) was consid-

ered to be responsible for most acute diarrheas in children

[3, 4]. More recently, improved diagnostic tools have

shown that norovirus (NoV; family Caliciviridae, genus

Norovirus) also has a major role in both epidemic and

sporadic cases of gastroenteritis and is considered to be the

primary cause of viral gastroenteritis in all age groups

throughout the world. Sapovirus (SaV; family Caliciviri-

dae, genus Sapovirus) causes sporadic cases and outbreaks

of gastroenteritis, mainly in young children\5 years of age

[5]. More recently, human bocavirus (HBoV; family Par-

voviridae, genus Bocavirus) has been discovered, and it has

been suggested to be involved in a large spectrum of

clinical manifestations, including gastroenteritis [6].

The impact of these new enteric viruses on the epide-

miology of infantile gastroenteritis in the northern Italian

region of Lombardy is scarcely known due to the lack of a

systematic approach to testing patients’ clinical samples

and analyzing diagnostic data [3, 7]. Estimates of the

incidence of enteric infections normally suffer from large
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underreporting in Italy; in fact, the last comprehensive

overall data on acute gastroenterical infections in Italy

were obtained by Ruggeri and Declich in 1999 [8]. In

addition, there is also poor information regarding the

clinical and etiological role of each individual virus in

cases of co-infection.

In this study, the epidemiological and clinical role of

HRV, NoV, adenovirus (AdV; family Adenoviridae, genus

Mastadenovirus), enterovirus (family Picornaviridae, genus

Enterovirus), astrovirus (family Astroviridae, genus Mam-

astrovirus), SaV and HBoV were evaluated in sporadic

pediatric gastroenteritis patients attending the pediatric unit

of L. Sacco University Hospital in Milan. Molecular char-

acterization of circulating NoV strains was also performed.

Material and methods

Population study and clinical evaluation

From January 2008 to October 2009, 273 children, suf-

fering from acute gastroenteritis, in the age range from 0 to

222 months (samples average age 40 months, males 57%)

were examined. These children mainly lived in the north-

westen areas of Milan, which is the most populated city in

Lombardy and the traditional area served by L. Sacco

University Hospital.

Stool (407) specimens obtained from 273 patients were

collected and sent to the clinical microbiology laboratory

of the L. Sacco University Hospital. Demographic (age and

sex) and clinical data (days of hospitalisation, vomiting,

diarrhoea, fever and percentage of dehydration) that were

useful for our investigation were gathered for only 154 out

of 273 children (Fig. 1).

A dataset form was filled out for signs and symptoms,

adapted from the clinical severity scores for HRV gastro-

enteritis according to the Ruska-Vesikari (RV) scoring

system [7, 9], including the daily presence of fever,

vomiting, and daily frequency and duration of diarrhea.

Clinical information was obtained from the virology

request forms and from case sheets. The severity of gas-

troenteric disease [9, 10] was determined using a numerical

score for clinical severity of diarrhoeal episodes, as

reported: minor (1-8), moderate (9-14) and serious ([15).

Stools were processed to isolate Salmonella, Shigella,

Campylobacter, Yersinia, and Clostridium difficile. All

samples were also routinely processed for HRV by enzy-

matic immunoassay card testing (Meridian, Cincinnati,

OH, USA). Samples were stored at -80�C until used, and

they were then analyzed for NoV, HBoV, AdV, astrovirus,

SaV and enterovirus.

Immunoassay detection

The commercial rapid in vitro qualitative ImmunoCard-

STAT! Rotavirus test (Meridian) was used for detection of

HRV. Patient stools were diluted 1:15 in the kit sample dilu-

ent, and 150 ll of the suspension was added to the device

sample port. The signal generated by mobilization of mono-

clonal-antibody-coated gold particles through the polyclonal

anti-HRV antibody (test) zone was considered a positive HRV

detection result in the presence of a negative control reading.

Virological investigation

Viral RNA (NoV, enterovirus) and DNA (AdV and HBoV)

were extracted from 200 ll of stool sample using the

commercial kits QIAamp� Viral RNA Blood Mini Kit and

QIAamp� DNA Mini Kit (QIAGEN, Hilden, Germany),

respectively. RNA and DNA were eluted in 60 ll of AE

Buffer (10 mM Tris-HCl, 0.5 mM EDTA, pH 9). NoV

(‘‘Norovirus TaqMan real time RT-PCR kit’’; Argene,

Verniolle, France), AdV (AdV r-gene; Argene), HBoV

(HBoV r-gene; Argene) and enterovirus (enterovirus

r-gene; Argene) were processed by commercial real-time

kits. The NoV test was able to detect theGI and GII

genogroups. Amplification was performed using an ABI

7300 instrument using the amplification temperature con-

ditions indicated by the manufacturer (Applied Biosystems,

Warrington, UK). Negative samples were tested further

using a Multiplex PCR that allows simultaneous amplifi-

cation of target DNA/cDNA of human enteric AdV, group

A HRV, astrovirus and NoV GI/GII (Seeplex Diarrhoea

ACE Detection, Seegene, Seoul, Korea).

Samples that were found to be negative by the previous

method were investigated for SaV. RNAs were subjected to

reverse transcription and PCR amplification (RT-PCR)

using a Superscript RT-PCR one-step kit (Invitrogen,

Carlsbad, CA, USA), and primers p289-p290, which anneal

to a 330-nt conserved region of the RNA-dependent poly-

merase gene (ORF1) [11]. The samples that were found to be

407 
Stool samples 

(more than one sample for children) 

273 
Eligible children 

119 
No data available  

154 
Recruited children 
with data 

109 
Confirmed 

gastroenteritis 

97 
Viral infections  

12 
Bacterial and 
parasite infections

45 
Negative 

Fig. 1 Flowchart of the children enrolled in the study
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negative with this test were further analyzed using primers

SV5317-SV5749, which anneal to a 433-nt region of the

human SaV capsid protein primer (ORF1) [12].

Sequencing of NoV

Stools that were found to be positive for NoV by real-time

PCR were also tested by conventional RT-PCR using two

primer pairs, G1SKF-G1SKR and G2SKF-G2SKR, which

amplify a 338-bp fragment of the viral genome ORF2 of

genogroup I and II NoV, respectively [13]. The ten DNA

fragments that were obtained were purified by silica mem-

brane using a QIA Quick Gel Extraction Kit (QIAGEN), and

subjected to sequence analysis using an ABI PRISM BigDye

Terminator Cycle Sequencing Reaction Kit, version 3.1 (PE

Applied Biosystems). The sequences obtained were com-

pared with those of the NCBI and FBVE (FoodBorne Viruses

in Europe [https://hypocrates.rivm.nl/Divine-Event/index.

html]) data banks, using DNASIS Max software (Hitachi

Software Engineering Company, Alameda, CA, USA).

Statistical analysis

Two different statistical approaches were undertaken to test

possible associations between patients’ age and frequency of

infection, and possible differences between the clinical con-

ditions of patients infected with different viral agents. SaV

was not included in this analysis because there was only a

single record in the database. A chi-square test was performed

on a contingency table to analyze viral agents (NoV, AdV,

HBoV, HRV and enterovirus) versus age class (age interval

36 months). A MANOVA analysis was also performed

imposing the different viruses as a factor and using the fol-

lowing response variables: hospitalization length (days),

duration of vomiting (days), maximum number of vomiting

episodes per day, duration of diarrhea (days), maximum

number of diarrhea episodes per day, fever intensity, per-

centage of dehydration, dehydration score and RV scoring

system. The analysis was performed excluding the variables

that did not show homogeneity of variance (Levene test) even

after a square root or logarithmic transformation. Moreover, a

linear discriminant analysis (LDA) was subsequently per-

formed in order to identify patterns of distinction between the

different viruses. The analyses were performed using the

software SPSS Statistics 17.0.

Results

Etiological evaluation

One hundred fifty-four out of 273 children, aged on average

about 40 months, examined in the clinical microbiology

laboratory of the L. Sacco University Hospital were enrol-

led in the study: in 109/154 (70.8%), the clinical diagnosis

of infectious gastroenteritis was confirmed by laboratory

findings. Of the 109 patients affected by gastroenteritis

associated with pathogens, 9 cases were due to bacteria

(5.8%), and 3 cases to parasites (1.9%). Viruses were

detected in 99/154 patients (64.3%). In particular, 86/154

viral infections were mono-infections (55.8%) and 13/154

cases were mixed infections (8.4%). Overall, HRV was the

pathogen most frequently detected (38.3% of 154 investi-

gated patients), followed by NoV (16.2%), HBoV (13.6%)

AdV (2.6%) and SaV (0.6%). Enterovirus and astrovirus

were not detected. In the mono-infections, the positive

detection rates of different enteric viruses for the total

number of patients were 31.2% for HRV, 12.3% for NoV,

9.1% for HBoV, 2.6% for adenoviruses and 0.6% for SaV.

Regarding dual infection cases, NoV/C. difficile and Cam-

pylobacter/HRV were detected in 2 cases, HRV/HBoV

were present in 6 patients (3.9%), HRV/NoV were present

in 4 patients (2.6%), and HBoV/NoV in 1 patient.

Clinical signs and duration of symptoms

One hundred nine patients with a diagnosed pathogen

supporting gastroenteritis were graded by the RV scoring

system. Minor symptoms were scored in 24 (22%) patients,

moderate in 50 (46%) and serious in 35 (32%) out of the

109 total evaluated cases (Table 1). For 119 children,

pediatricians were not able to obtain further clinical

information from the parents of these patients.

Vomiting was reported in 85 patients (78 %), and

diarrhea was reported in 87 patients (87%); the average

length of vomiting and diarrhea was 2.4 days and 4.2 days,

respectively, with a frequency of 4 and 6 events per days,

respectively. As a general rule, duration of symptoms

decreased with age, independent of the virus detected. The

only exceptions were the mean duration of vomiting and

diarrhoea for HBoV. Stool formation showed variation: 5

children had bloody feces, 38 children had liquid feces, 41

children had semi-liquid stools and 3 children had mucous

feces. Body temperature was normal in 20 patients

(18.3%), 18 patients (16.5%) had a 1-point increase; 22

(20.2%) had a 2-point increase and 44 (40.4%) had a

temperature of more than 38.9�C. In 5 patients, fever was

not recorded. Concerning dehydration, the patients had the

following scores: 0 in 41 cases (37.6%), 1 in 13 cases

(11.9%) and 2 in 49 cases (45.0%). In 6 patients, dehy-

dration was not evaluated. The overall average score for

dehydration was 1.1.

Clinical characteristics of children infected with NoV,

HRV, AdV and HBoV are shown in Table 1. Diarrhea was

present in all mono-infection cases, and vomiting was

present in all 19 patients who were positive for NoV, in 45

Pediatric gastroenteritis associated with new viral agents 1585
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of 48 (93.7%) of the patients positive for HRV and in 9 of

14 (64%) patients positive for HBoV. No vomiting was

present in AdV infection cases. Fever was reported in 15 of

19 (78.9%) and 8 of 14 (57%) patients infected with NoV

and HBoV, respectively, and in 42 of 48 (87.5%) HRV

cases. The percentages for dehydration were similar for all

of the viruses detected. The average RV scoring system

was 12.3 in all mono-infection gastroenteritis cases. The

dehydration percentage in cases of mixed infections

(Table 1) was overall more severe, particularly in NoV-

HBoV- and HRV-HBoV-affected patients. Four of 14

(30.8%) gastroenteritis patients infected with HBoV

showed respiratory difficulties.

MANOVA analysis indicated the presence of a signifi-

cant difference between the clinical patterns associated

with different viruses (Wilk’s Lambda = 0.50, df = 27,

Table 1 Symptoms and duration of illness with viral agents according to age, for hospitalized patients with mono- and mixed-infection

gastroenteritis in the L. Sacco University Hospital

Virus Total

cases

Age group

(months)

Hospital.

days

Vomit dur.

(days)

Max. no.

vomit/day

Diarrhoea

dur. (days)

Diarrhoea

max./days

Fever

(�C)

% dehydr. RV

Monoinfections

HRV 48 1–18 Mean 6 2 4 4 7 2.2 2.9 14.0

s.d. 2 2 4 2 3 0.9 2.8 2.9

19–36 Mean 5 3 7 4 6 2.2 1.5 13.0

s.d. 2 5 6 2 5 1 2.0 3.4

[37 Mean 5 2 4 4 5 1.1 0.5 10.3

s.d. 1 2 6 2 3 1 1.2 3.6

Nov 19 1–18 Mean 6 3 4 5 5 1.7 3.1 12.9

s.d. 3 2 4 2 2 1.4 3.5 3.5

19–36 Mean 4 2 3 3 7. 1.7 1.6 12.7

s.d. 2 1 3 1 2 1.2 2.1 2.1

[37 Mean 4 1 2 2 3 0.3 1.4 8.0

s.d. 1 1 3 2 2 0.6 2.4 3.5

HbV 14 1–18 Mean 2 2 4 6 2 2.8 11.5 10.3

s.d. 2 2 3 4 1 3.8 4.5 3.6

19–36 Mean 4 2 5 6 6 3 5.3 15.5

s.d. 1 2 7. 1 1 0 0.1 3.5

[37 Mean 6 5 2 7 4 1.6 3.3 12.0

s.d. 2 6 2 5 3 1.3 4.0 4.6

AdV 4 1–18 Mean 10 0 0 4 5 2.5 0.2 7.5

s.d. 5 0 0 1 1 0.7 0.1 2.1

[37 Mean 5 0 0 1 6 3 0 9.0

s.d. – – – – – – – –

Mixed infections

HbV/HRV 6 1–18 Mean 4 2 3 4 8 2.0 0.7 13.0

s.d. 1 1 3 2 5 1.2 1.0 3.7

19–36 Mean 3 3 10 5 5 3.0 5.3 18.0

s.d. – – – – – – – –

NoV/HRV 4 1–18 Mean 10 3 4 4 5 3 3.0 15.0

s.d. – – – – – – – –

19–36 Mean 6 1 2 4 6 3 0.0 12.0

s.d. – – – – – – – –

[37 Mean 4 1 1 2 2 0.5 0.0 7.0

s.d. 0 1 1 3 3 0.7 0.0 4.2

NoV/HbV 1 1–18 Mean 9 6 4 10 6 3 12.6 19.0

s.d. – – – – – – – –

The distribution of viral agents was based on 86 cases with monoinfections and on 11 with mixed infections. A single case of SaV was detected

but not reported. Bacterial infections are not reported. Where standard deviation is not reported, a single case per category was counted
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p \ 0.001). On this basis, a discriminant analysis (DA) was

performed considering all of the variables. The clinical

pattern shown by AdV was substantially different and was

discriminated by the analysis (100% correct reclassifica-

tions), while HRV (54% correct reclassifications), NoV

(47% correct reclassifications) and HBoV (63% correct

reclassifications) were undistinguishable (data not shown).

The variables that mostly discriminated the virus strain

were the RV scoring system, maximum number of diarrhea

episodes per day, diarrhoea duration and fever intensity.

Moreover, a variable that specifically distinguished AdV

from the other different viruses was the absence of vom-

iting episodes. However, the discriminating influence of

this variable was negligible for the other viruses, and its

weight in the overall model was less than that of the other

variables.

Statistical analysis of virus infection rates among the

different age classes was performed on 99 patients. The

average age of occurrence of NoV was about 25 months

(median value 11 months), 32 months (median value

21 months) for HRV, 41 months (median value 14 months)

for HBoV and 19 months (median value 8 months) for AdV

(Table 2).

A chi-square test performed for each virus (except AdV,

due to the low frequency of occurrence) confirmed a

higher peak of infection in the age class 0-36 months for

HBoV (Pearson’s contingency coefficient = 16.90, df = 18,

p-value\0.0001), NoV (Pearson’s contingency coeffi-

cient = 40.82, df = 3, p-value \0.0001), HRV (Pearson’s

contingency coefficient = 64.48, df = 5, p-value\0.0001).

The small number of mixed infections did not allow any sta-

tistical evaluation of their association with age classes.

Figure 2 shows the monthly distribution of sporadic

gastroenteritis cases in 2008 and 2009. Sporadic HRV

infections were observed between January and May 2008

(24 cases) with a peak in January-February (18 cases), and

in 2009, a first peak was observed in February-April (24

cases). A second HRV peak was observed in June 2009 (4

cases). Most of the NoV-positive cases occurred from

September to December 2008, with a peak of positivity

detected in October 2008 (7 cases) and March 2009 (4

cases). HBoV cases were observed between November

2008 and February 2009. AdV was detected in January (1

case), April (1 case), September (1 case), and December (1

case). SaV was detected in October 2009 (1 case).

Molecular sequencing analysis

Sequence analysis on ten NoV strains revealed that all

belonged to GII. Six viruses were closely related to the

GII.4 2006 variant 2006b, and two were related to the GII.4

2006 variant 2006a, which were reported to circulate

broadly since the second and the first semester of 2006,

respectively. Both virus GII.4 2006a and 2006b were

detected in this study in both 2008 and 2009. GII.2 and

GII.3 NoV strains were detected in two patients in June and

July 2009, respectively. The GII.4 variant 2006b was

detected only in males, while the genotypes GII.4 variant

2006a was equally distributed in both sexes. For all

genotypes, the RV scoring system showed a moderate

mean value around 13,3.

Discussion

Acute gastroenteritis is a leading cause of childhood mor-

bidity and mortality in developing countries [14]. While

HRV had been established for a long time as the major

cause of severe gastroenteritis in infants and young chil-

dren worldwide, NoV has more recently gained increasing

recognition as an important cause of severe gastroenteritis

in childhood [15] and has been detected in children

admitted to hospital at rates varying between 3% and 30%,

both in developed and developing countries [2, 16, 17].

Nevertheless, it should be noted that a potential underes-

timation of the prevalence of HRV may occur due to the

different sensitivities of commonly used tests [18]. How-

ever, even taking into account this potential underestima-

tion, the HRV prevalence estimated in this study is similar

to those of similar trials and investigations in Italy [3, 19].

Table 2 Absolute frequency of

infection with different viruses

in different age groups

Age group (months) Virus

AdV HBoV NoV HRV Any virus Negative Total

0–36 3 16 21 43 83 23 106

37–72 1 2 1 9 13 10 23

73–108 0 1 0 5 6 5 11

109–144 0 0 2 0 2 2 4

145–180 0 0 1 2 3 3 6

181–216 0 1 0 0 1 0 1

217–252 0 1 0 0 1 2 3

Total 4 21 25 59 109 45 154

Pediatric gastroenteritis associated with new viral agents 1587
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Such variation could be due to different hygienic condi-

tions in different countries, to different surveillance sys-

tems and to different methods used in diagnostic

laboratories [16, 17]. In a recent Italian study, NoV

emerged as the main cause of viral enteritis, being

responsible for 39% of diarrhea cases reported for children

admitted to the hospital in Palermo [20].

The epidemiology of viral gastroenteritis in Italy is

largely unknown, due to the absence of a nationwide

surveillance system for diarrheal diseases. Thus, this study

was designed to assess the prevalence of viral agents

among pediatric cases in order to improve knowledge in

the social and geographical context of Lombardy. This

study confirms previous surveys indicating that HRV is

the major cause of severe pediatric acute gastroenteritis in

Italy [3, 8, 19], being found in approximately 38.3% of

patients investigated, alone or in combination with other

agents. Other viruses were detected in approximately

32.3% of patients, and of these, NoV was the most com-

mon (16.2%), followed by HBoV (13.6%) and AdV 2.6%.

SaV was found in one case. Altogether, these agents

accounted for 64.3% of all patients admitted with acute

gastroenteritis. No enterovirus or astrovirus was detected.

NoV, HRV and HboV were often present in mixed

infections (13.1%).

Concerning the clinical manifestations associated with

the different infectious agents, patients with gastroenteritis

caused by HRV, NoV, HBoV and AdV showed, in general,

a moderate score of severity. Fever and dehydration per-

centages were the most discriminating variables, in par-

ticular for AdV, which showed the lowest mean values, and

this indicates a clinical pattern that can possibly be

detected without the use of virological testing.

Despite efforts to adopt a broad-spectrum virological

diagnostic approach, microbial agents have not been

identified in a large percentage of gastroenteritis cases,

even if clinical data were not available from all of the

children enrolled. NoV and HRV were the viruses most

frequently detected in cases of mixed infections, also in

combination with HBoV. These results are consistent with

other investigations on the viral etiology of pediatric gas-

troenteritis [21–24]. Overall, patients with mixed infection

presented more severe clinical features, and this is possibly

due to a synergistic action of multiple pathogens, both in

terms of clinical severity and duration of symptoms. In

particular, a severe disease score was obtained with HBoV

in mixed infection with NoV and HRV. A high incidence

of mixed HBoV infection with either respiratory or gas-

trointestinal viruses in children with or without respiratory

disease has been reported in different studies, but the

clinical significance is still not clear [25]. The same authors

showed that HBoV infection alone seems to be associated

with mild symptoms in children with acute gastroenteric

disease, and that infection becomes severe only when it is

associated with other viral pathogens. Furthermore, Jie-Mei

and co-workers [26] reported that co-infection with HBoV

did not increase the clinical symptoms of HRV gastroen-

teritis. A preferential infection of children belonging to

specific age groups has been reported for some gastroen-

teritis viruses [2, 3], and the same trend was observed in the

present study for the younger age groups. Moreover, this

trend appears to be common to all of the viruses detected,

although for all of the viruses, a somewhat higher preva-

lence was observed in younger age groups.

The GII.4 NoV variant 2006b was the most frequent

NoV strain detected, accounting for 6 of 10 noroviruses

sequenced. The other five patients were infected with three

distinct NoV genotypes (GII.4 2006a, GII.2 and GII.3). The

co-circulation of three different genotypes of NoV is con-

sistent with the genetic diversity reported in other studies

[3]. No NoV genotype was associated with particular

clinical symptoms or severity scores.

Fig. 2 Monthly distribution of sporadic cases of gastroenteritis during 2008-2009
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Some differences in the seasonality of different viral

agents were observed during the two years of this inves-

tigation. HRV incidence had a peak in either February or

March, confirming previous studies [1]. NoV incidence

was highest in October 2008 and in March 2009; HBoV

showed a peak of incidence in November-December 2008

and was not detected in the same period of 2009. In gen-

eral, viral gastroenteritis appears to occur mostly during the

coldest seasons.

Investigation of other viruses such as parechoviruses,

torovirus, aichivirus, picobirnavirus and picotrinavirus

[28–30] might help to increase the rate of diagnosis of

children with gastroenteritis.
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