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Abstract The objectives of this study were to determine the
incidence of enteric pathogens causing acute gastroenteritis
(AGE) among hospitalized children in a large Italian hospi-
tal, to measure the incidence of coinfections, and to compare
the clinical characteristics of those infected with one versus
multiple agents. A prospective study was conducted from

March 2010 to April 2011 at the Bambino Gesù Pediatric
Hospital in Rome, Italy. All patients between 1 month and
16 years of age admitted to the Pediatric Department with a
diagnosis of AGE were eligible for enrollment. Two stool
samples for each patient were tested for gastrointestinal
pathogens. We summarized the clinical severity of episodes,
describing the duration of diarrhea, duration and frequency
of vomiting, fever, and severity of dehydration. All the
patients underwent medical evaluation with estimation of
dehydration. One or more etiological agents were detected
in 151 out of 232 patients (65.1 %), while we did not detect
any etiological agent in 81 (34.9 %). Rotavirus was detected
in 96 (63.6 %), adenovirus in 17 (11.2 %), norovirus in 7
(4.6 %), toxin-producing Clostridium difficile in 23
(15.2 %), Salmonella spp. in 15 (9.9 %, B group in 12/15
and D group in 3/15), C. perfringens in 12 (7.9 %), Cam-
pylobacter spp. in 6 (4 %), and verotoxigenic Escherichia
coli (VTEC) in 2 (1.3 %). In 27 children out of 151
(17.9 %), we found evidence of coinfection. Coinfection
with rotavirus and toxin-producing C. difficile was the most
common (63 %). Children with coinfection had a more
severe clinical presentation and had a higher probability to
be severely dehydrated, independently of age and living
community type.

Introduction

Community-acquired acute gastroenteritis (AGE) is respon-
sible for significant morbidity and mortality among infants
and children worldwide [1]. AGE of infectious nature can be
caused by a variety of microorganisms. Rotaviruses are
generally considered to be the major etiological agents of
severe infantile diarrhea worldwide, and are responsible for
over 500,000 deaths/year in children younger than 5 years
of age [2].
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Frequently, AGE in children under 2 years of age
requires hospitalization. Nevertheless, since most gas-
troenteritis is self-limiting and requires no specific ther-
apy, a proven etiology is frequently missed. However,
the etiological diagnosis remains a crucial tool for
monitoring epidemiological trends, timely identifying
emergent pathogens, and providing a basis for apprais-
ing the socio-economic impact of the less common
coinfections.

Coinfections in AGE have been reported in previous
European studies, but the available data are limited and
not homogeneous [3–8].

In Italy, the surveillance of AGE is included in the
official infectious disease surveillance program (SIMI) and
in the laboratory-based surveillance network for enteric
pathogens (Enter-net Italia). The Enter-net Italia surveil-
lance system collects data on Salmonella, verotoxigenic
Escherichia coli (VTEC), and Campylobacter strains isolat-
ed from human infections. Salmonella is the most frequently
isolated bacteria in enteric infections, while VTEC is only
sporadically reported [9].

Regarding viral infections, during three consecutive
years (2007–2009), rotaviruses were identified on 2,697
specimens of stools collected from children, according to
data from the surveillance network RotaNet-Italia. Most of
the strains belonged to genotypes G1, followed by G9, G4,
and G2 [10].

In a retrospective survey conducted in Italy between 2008
and 2009, the annual incidence rate of AGE was 1.08
episodes/person-year. Interestingly, the largest variation in
the incidence of AGE was observed in the pediatric age.
Children, in fact, represent the population group with the
highest demand for medical care and medication, and have
the highest impact in terms of indirect social costs due to the
loss of school or work days by the affected subjects or their
caregivers [11].

A recent study conducted on a population of Italian
children hospitalized for AGE reported a coinfection in
3.5 % of the analyzed samples: norovirus–rotavirus (2.6 %),
norovirus–adenovirus (0.6 %), rotavirus–adenovirus (0.2 %),
and norovirus–enterovirus (0.2 %) [12].

To our knowledge, only a few other studies have
reported robust information regarding coinfections in
children hospitalized for AGE, in terms of prevalence,
distribution, and clinical features. In fact, the association
of coinfection with clinical manifestations and duration
of hospitalization is controversial according to the published
literature [3].

We conducted this study in order to determine the
incidence of enteric pathogens causing AGE among
hospitalized children in a large Italian pediatric hospital.
The study aimed to measure the incidence of coinfec-
tions with viral or bacterial agents, and to compare the

clinical characteristics of patients infected with one ver-
sus multiple agents.

Materials and methods

Study population

A prospective study was conducted from March 2010 to
April 2011 at the Bambino Gesù Children’s Hospital
(OPBG) in Rome, Italy. The OPBG is a large hospital
which serves a large catchment area, with 9,000 admissions
and 47,000 consultations at the Emergency Department
per year.

All patients between 1 month and 16 years of age admit-
ted to the Pediatric Department with a diagnosis of AGE
were eligible for enrollment. We defined AGE as a decrease
in the consistency of stools (loose or liquid) and/or an
increase in the frequency of evacuations (typically, ≥3 in
24 h), with or without fever or vomiting [13].

In our hospital, the admission criteria for AGE are severe
dehydration, incoercible vomiting, hypovolemic shock,
non-responsive oral rehydration, age <3 months, and poor
family compliance. The criteria for discharge are: significant
reduction of the number of diarrhea episodes, tolerance of
oral rehydration, and weight gain.

Most children admitted with a diagnosis of AGE require
intravenous rehydration and careful observation, until they
can be switched to oral rehydration.

The exclusion criteria included: previous history of diar-
rhea lasting more than 2 weeks, diarrhea caused by drugs or
other substances, intestinal malabsorption, inflammatory
bowel disease, food allergy, immune deficiency, cystic fi-
brosis, abdominal surgery within 4 weeks before hospitali-
zation, and nosocomial infections.

A questionnaire was administered by two physician-
investigators to obtain information on age, sex, demograph-
ic and family data, community type (urban or rural), previ-
ous rotavirus vaccine, school attendance, presenting
symptoms, and duration of illness before admission.

We summarized the clinical severity of episodes, describ-
ing the duration of diarrhea, stool frequency, duration and
frequency of vomiting, presence of fever, and presence and
severity of dehydration. All patients underwent medical
evaluation with estimation of dehydration, using the Gore-
lick score. This score is based on ten individual clinical
findings: decreased skin elasticity, capillary refill >2 s, gen-
eral appearance, absent tears, abnormal breathing, dry mu-
cous membranes, sunken eyes, abnormal radial pulse,
tachycardia, and decreased urine output [14].

Informed consent was obtained for all subjects. The study
was approved by the Bambino Gesù Children’s Hospital
ethical committee.
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Laboratory methods

Two stool samples for each patient were sent to the labora-
tory and directly tested for bacterial and viral gastrointesti-
nal pathogens.

The bacterial species investigated were: Salmonella spp.,
Shigella spp., Vibrio spp., Yersinia spp., Aeromonas spp.,
enterohemorrhagic Escherichia coli (EHEC), including
Escherichia coli O157:H7, Campylobacter spp., Clostridi-
um perfringens, and Clostridium difficile. The bacteriologic
examination consisted of culture on selective media for each
bacterial species and, after 24 h incubation in selenite broth
(Copan, Brescia, Italy), for Salmonella spp. Final identifi-
cation was performed for aerobic bacteria by the Vitek2
system (bioMérieux, Marcy l’Etoile, France), for Campylo-
bacter spp. by the API Campy system (bioMérieux), and for
anaerobic bacteria by the RapID™ System (Remel, Lenexa,
KS, USA). An immunochromatographic test (ImmunoCard
STAT!® EHEC, Meridian Bioscience, Inc., Cincinnati, OH,
USA) was used for the detection of EHEC, after incubation
overnight in brain heart infusion broth (bioMérieux). C.
difficile toxin B strains were detected using the GeneXpert
C. difficile real-time PCR (Cepheid, Sunnyvale, CA, USA)
on characteristic colonies grown on C. difficile agar selec-
tive medium (bioMérieux).

The enteric viruses investigated were rotavirus, adenovi-
rus, and norovirus. Immunochromatographic assays were
used for the direct detection of viral antigens.

Rotavirus and adenovirus tests were based on membrane
technology with colloidal gold particles sensitized with
antibodies directed against, respectively, VP6 rotavirus
antigen and specific proteins of human adenovirus group
(Rota-Strip, Adeno-Strip; Coris BioConcept, Gembloux,
Belgium). The RIDA QUICK Norovirus detection kit
(R-Biopharm AG, Darmstadt, Germany) was used for
the rapid antigen detection of GI/GII norovirus. All
tests were carried out according to the manufacturers’
instructions.

Statistical analysis

Data were collected by using an electronic support specifi-
cally prepared for the study. All statistical calculations were
carried out using SPSS for Windows version 13.0 (SPSS,
Inc., Chicago, IL, USA). The significance of differences
among the study groups was tested using the Chi-square
test or Fisher’s exact test for differences in proportions and
the Mann–Whitney test for differences in continuous varia-
bles. We used logistic regression models to assess the asso-
ciation between the presence of coinfection and clinical
symptoms adjusted for factors associated with a p-value<
0.20 on univariate analysis. A p-value <0.05 was considered
to be statistically significant.

Results

Among 275 children meeting the eligibility criteria, 23
patients had a diagnosis of non-infectious gastrointestinal
disease and were excluded. The most frequent diagnoses in
this subgroup were urinary tract infections (5), inflammatory
bowel disease (1), febrile seizures (2), celiac disease (3),
thrombocytopenia (1), flu (5), appendicitis (1), and recurrent
abdominal pain (5). Among the remaining 252 patients, in
20, we were not able to collect stool samples.

We found evidence of infection in 151 children out of
232 (65.1 %). The characteristics of the studied population
are shown in Table 1. The median age of children with
monoinfection was higher compared with that of children
with coinfection, although the difference was not statistical-
ly significant. Children with coinfection did not differ from
those with monoinfection with regard to school or day care
center attendance, type of community, and having received
rotavirus vaccine.

Table 2 shows the patients’ age distribution for each
detected organism. The vast majority of etiological agents
was represented by rotavirus, which was the most frequently
isolated in the stools of children below 6 years of age.
Adenovirus was frequently found in children under 2 years
of age, while Salmonella spp. was the most frequent in
children older than 6 years of age. Regarding seasonality,
a peak of AGE was observed between March and April,
when circulation of rotavirus infection was at its highest.

One or more etiological agents were detected in 151 out
of 232 patients (65.1 %), while we did not detect any
etiological agent in 81 children (34.9 %). Rotavirus was
detected in 96 (63.6 %), adenovirus in 17 (11.2 %), norovi-
rus in 7 (4.6 %), toxin-producing C. difficile in 23 (15.2 %),
Salmonella spp. in 15 (9.9 %, B group in 12/15 and D group
in 3/15), C. perfringens in 12 (7.9 %), Campylobacter spp.
in 6 (4 %), and VTEC in 2 (1.3 %). One of the VTEC
infections was associated to VTEC O157H7. Shigella, Yer-
sinia, Vibrio, and Aeromonas were not detected.

In 27 children out of 151 (17.9 %), we found evidence of
coinfection.

Table 3 shows the distribution of microorganisms
detected in children with mono- and coinfection. In children
with monoinfection, rotavirus was the most frequently iso-
lated microorganism (75 cases, 60.5 %), while Salmonella
accounted for 13 cases (10.5 %). Among children with
coinfection, rotavirus was found in 77.8 % of cases, and
toxin-producing C. difficile was found in 70.4 %.

The association of different microorganisms in coinfec-
tions and their frequency is reported in Table 4. Coinfection
with rotavirus and toxin-producing C. difficile was the most
common, and occurred in 17/27 cases (63 %). Coinfection
with adenovirus and another pathogen was observed in 5/27
cases (18.5 %).

Eur J Clin Microbiol Infect Dis (2013) 32:909–915 911



We compared the clinical picture of children with mono-
infection with those with coinfection, and the results are
summarized in Table 5. We applied logistic regression
models to explore how coinfection affected the severity
of clinical presentation, adjusting for potential confound-
ers. Children with coinfection had a higher probability to
be severely dehydrated, to present with fever ≥38 °C, to
have a higher number of diarrhea episodes, and a longer
duration of vomiting and diarrhea. However, patients did
not differ in their length of hospitalization by mono- or
coinfection.

A total of 31 children out of 151 (20.5 %) had received an
antibiotic before the onset of the diarrhea. Of these 31
patients, 11 (35,4 %) were diagnosed with a C. difficile
infection. We did not observe any difference between
patients with monoinfection and coinfection with regard to
previous antibiotic treatment.

On the other hand, during hospitalization, only two chil-
dren received an antibiotic therapy, one for a monoinfection
by Campylobacter and one for a coinfection by toxin-
producing C. difficile and rotavirus.

Discussion

In our study, we found evidence of infection in the large
majority of AGE cases. Moreover, children with evidence of
coinfection had a more severe clinical presentation, inde-
pendently of age and living community type.

As expected, rotavirus was the most frequent etiology,
which is consistent with previous reports [15, 16]. Adenovirus
and norovirus frequency was also in line with previous obser-
vations [17–20]. Furthermore, in the present study, norovirus
infection occurred less frequently than in other studies
[21–23]. The different figures observed in other countries
might be explained by different age groups, seasonal varia-
tions at the time of sampling, and by the detection methods
used. However, all studies, including ours, consistently
showed that rotavirus was the most common etiological agent.
It must be underscored that, although rotavirus vaccines were
licensed in Italy in 2006, vaccination against rotavirus is not
included in the Italian official recommendations for childhood
immunization, and immunization coverage is still very low

Table 1 Characteristics of the
151 study subjects Monoinfection (n=124) Coinfection (n=27) Total p-Value

Median age, years (range) 1.86 (0.9–15.5) 1.13 (0.6–6.0) 1.74 (0.1–15.5) 0.093

Sex

Male 74 (59.7 %) 12 (44.4 %) 86 (57 %) 0.147
Female 50 (40.3 %) 15 (55.6 %) 65 (43 %)

School/day care attendance

Yes 100 (80.6 %) 23 (85.2 %) 123 (81.5 %) 0.582
No 24 (19.4 %) 4 (14.8 %) 28 (18.5 %)

Living community type

Urban 98 (79 %) 17 (63 %) 115 (76.2 %) 0.584
Rural 26 (21 %) 6 (22.2 %) 32 (21.2 %)

Unknown 0 (0 %) 4 (14.8 %) 4 (2.6 %)

Received rotavirus vaccine

Yes 2 (1.6 %) 0 (0 %) 2 (1.3 %) 0.999
No 122 (98.4 %) 27 (100 %) 149 (98.7 %)

Table 2 Etiology of gastroenteritis in the 151 hospitalized children by
age group

Pathogen 0–2 years >2–6 years >6–16 years
n=87 n=56 n=8

Rotavirus 59 (67.8 %) 36 (64.3 %) 1 (12.5 %)

Adenovirus 12 (13.8 %) 4 (7.1 %) 1 (12.5 %)

Norovirus 3 (3.4 %) 3 (5.4 %) 1 (12.5 %)

C. difficile 20 (23.0 %) 3 (5.4 %) 0 (0.0 %)

Salmonella spp. 2 (2.3 %) 9 (16.1 %) 4 (50.0 %)

C. perfringens 7 (8.0 %) 5 (8.9 %) 0 (0.0 %)

Campylobacter spp. 4 (4.6 %) 1 (1.8 %) 1 (12.5 %)

VTEC 2 (2.3 %) 0 (0.0 %) 0 (0.0 %)

Table 3 Distribution of microorganisms detected in children with
mono- and coinfection

Pathogen Monoinfection
(n=124)

Coinfectiona

(n=27)

Rotavirus 75 (60.5 %) 21 (77.8 %)

Adenovirus 12 (9.7 %) 5 (18.5 %)

Norovirus 7 (5.7 %) 0 (0.0 %)

C. difficile 4 (3.2 %) 19 (70.4 %)

Salmonella spp. 13 (10.5 %) 2 (7.4 %)

C. perfringens 8 (6.4 %) 4 (14.8 %)

Campylobacter spp. 5 (4.0 %) 1 (3.7 %)

VTEC 0 (0.0 %) 2 (7.4 %)

a The totals exceed 27 % and 100 %
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[24]. Indeed, only two children participating in this study had
received rotavirus immunization.

We found a high frequency of C. difficile-associated
gastroenteritis. The epidemiology of C. difficile disease in
children has not been well characterized. However, recent
studies have shown an increase in C. difficile disease among
children in both community and hospital settings. Only a
few epidemiologic studies evaluating risk factors for C.
difficile disease have been conducted on pediatric patients.
Infants represent a controversial group, in which carriage is
often asymptomatic. The convention is to regard the pres-
ence of C. difficile in stools in children less than 2 years of
age to be colonization; although severe disease does occur,

most cases in this age group are asymptomatic. The reasons
suggested for this include the lack of resistance to coloniza-
tion, by which the immature gastrointestinal tract contains
an incomplete intestinal flora that is unable to exclude C.
difficile. This may explain the high frequency of carriage
[25]. In our population, we observed 40 patients with non-
toxin-producing C. difficile (26.5 %).

Recent studies have shown an increase in the diagnoses
of C. difficile infections among infants aged less than 1 year
[26, 27]. The major risk factors for C. difficile infection
include older age, hospitalization, and exposure to antibiot-
ics. In our study, we observed that 11 patients out of 31
(35.4 %) with a previous exposure to antibiotics had a C.
difficile infection. Further studies are needed in order to
better determine the epidemiology of C. difficile in children.

In our study, coinfections were observed in 17.9 % of
cases. Coinfections with rotavirus and C. difficile were the
most frequent. Previously published studies identified coin-
fections in 4.4 to 29 % of the pathogen-positive stool sam-
ples in different European countries, using classic or
molecular techniques [5]. Other authors report that no spe-
cific clinical sign of gastroenteritis is significantly related to
the presence of coinfections. However, the presence of
mixed-agent infections has previously been associated with
the development of necrotizing enterocolitis in premature
infants [28, 29]. In a previous study conducted by Kim et al.,
additional pathogens were identified from the stool samples

Table 4 Association of different microorganisms and their frequency

Rotavirus+toxin-producing C. difficile 17 (63 %)

Rotavirus+C. perfringens 2 (7.4 %)

Adenovirus+rotavirus 2 (7.4 %)

Adenovirus+VTEC 1 (3.7 %)

Adenovirus+Salmonella 1 (3.7 %)

Adenovirus+C. perfringens 1 (3.7 %)

Campylobacter+C. perfringens 1 (3.7 %)

Salmonella+toxin-producing C. difficile 1 (3.7 %)

VTEC+toxin-producing C. difficile 1 (3.7 %)

Total coinfections 27

Table 5 Effect of coinfection on
clinical presentation Symptom or sign Monoinfections

(n=124)
Coinfections
(n=27)

p-Value Multivariate analysis

aOR 95 % CI p-Value

Max. no of diarrhea stools/24 h

1–5 95 (76.6 %) 8 (29.6 %) <0.001 8.79 3.32;23.28 <0.001
≥6 29 (23.4 %) 19 (70.4 %)

Duration of diarrhea (days)

1–4 69 (55.6 %) 7 (25.9 %) 0.005 3.81 1.47;9.86 0.006
≥5 55 (44.4 %) 20 (74.1 %)

Max no. of vomiting episodes/24 h

0–4 97 (78.2 %) 17 (63 %) 0.095 2.32 0.92;5.80 0.072
≥5 27 (21.8 %) 10 (37 %)

Duration of vomiting (days)

0–2 105 (84.7 %) 12 (44.4 %) <0.001 7.11 2.74;18.42 <0.001
≥3 19 (15.3 %) 15 (55.6 %)

Fever

≤38 °C 54 (43.5 %) 1 (3.7 %) <0.001 17.78 2.32;136.17 0.006
≥38 °C 70 (56.5 %) 26 (96.3 %)

Dehydration

None to moderate 123 (99.2 %) 21 (77.8 %) <0.001 28.70 3.04;270.60 0.003
Severe 1 (0.8 %) 6 (22.2 %)

Length of stay

0–4 days 89 (71.8 %) 18 (66.7 %) 0.597 1.21 0.30;4.78 0.782
>4 days 35 (28.2 %) 9 (33.3 %)
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of three infants with C. difficile AGE: two rotavirus and
one norovirus [30]. These patients had a severe C. difficile
disease.

The authors of two case reports on young children with
concurrent norovirus and C. difficile infection hypothesized
that norovirus may affect epithelial homeostasis of the in-
testinal mucosa, therefore, exacerbating the effects of the
toxins produced by C. difficile [31].

Statistical comparison of monoinfection with coinfection
is complex because most of the mixed-infection groups are
small. In our study, the clinical picture of children with
coinfection was more severe for all clinical signs taken into
examination, particularly dehydration. Our observations are
consistent with other studies [4, 32].

Viral and bacterial intestinal pathogens could affect
either the same or different regions of the gut, and their
effects could be enhanced [33]. Currently, our knowledge
on the exact pathology of human gut infections is limit-
ed, and it is useful to report studies which examine both
viruses and bacteria. The results of our study emphasize
the clinical importance of mixed infections as a cause of
AGE with severe clinical presentation in children. The
possibility of dual infection should be investigated more
often [34].

Moreover, we did not find any direct or confounding
effect of age and living community type on clinical symp-
toms in children with AGE and, therefore, it is likely that the
observed association with the detection of multiple infec-
tious agents was not biased.

Our study was conducted on the total population of
children admitted for AGE in a single ward during an entire
year of observation, and microbiological determination
on stool samples was performed on almost all patients.
Moreover, a large battery of laboratory tests was used in
order to have a representative epidemiology of enteric
pathogen circulation in this patient setting. Methods for
the detection of enteric bacteria included the use of
enrichment steps, selective culture media, and biochem-
ical identification and serotyping, while the detection of
enteric viruses was based on direct antigen detection in
feces. In this study, the use of an in vitro rapid antigen
detection on immunochromatographic strips was chosen
instead of other traditional or molecular methods, such
as enzyme immunoassay (EIA), cell culture, and reverse
transcription polymerase chain reaction (RT-PCR), because it
is easy to perform, not time consuming, and is reliable
[35, 36].

Moreover, this method, when compared to other standard
assays in a cohort of children, resulted in sensitivities of
98.5 % and 99.7 % and specificities of 96.2 % and 98 % for
rotavirus and adenovirus, respectively [36–39]. The RIDA
QUICK immunochromatographic testing for norovirus sen-
sitivity is reported to have a different performance with

respect to the GI or GII genogroups, ranging from 42.1 %
to 76 %, while the maximum specificity (100.0 %) was
tested in both genogroups.

Systematic detection of the main enteric pathogens
associated with gastroenteritis in children allowed us to
observe a relatively high percentage of coinfections
(17.9 %). Dual infections raise the question as to whether
a single pathogen is responsible for the illness or whether
several pathogens act in synergy. Further studies must be
performed in order to obtain a better understanding of
these infections.

Children with coinfection represent a subgroup of
patients with AGE who need increased assistance during
hospitalization. Therefore, their identification with appropri-
ate diagnostic tests is important in order to predict their
clinical course.

Immunization programs against rotavirus are reasonably
justified in our setting, given the burden of this infection in
terms of hospitalizations.
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