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Summary

Objective. To investigate the epidemiology of neonatal viral gastroenteritis compared to
the circulation of enteric viruses in children, 109 newborns in the NICU of Mother and
Child Department and 214 children with enteritis admitted to the “G. Di Cristina” Chil-
dren’s Hospital in Palermo were monitored for Rotavirus, Adenovirus, Astrovirus and No-
rovirus infections.
Methods. Stool samples were examined by EIA to detect viral antigens. Rotavirus strains
were subjected to P- and G-typing.
Results. A Norovirus strain was detected in one neonatal stool specimen whereas an astro-
virus strain was dectected in two neonatal specimens. No Rotavirus or Adenovirus infec-
tion was identified among the newborn infants, while Rotavirus infections were detected
in 24.8% of the symptomatic children. Type G4P[8] constituted 43.4% of the Rotavirus
strains, followed by G2P[4] (18.9%), G3P[8] (17%), G1P[8] (13.2%) and G9P[8] (1.9%).
Overall, Norovirus, Adenovirus and Astrovirus strains were responsible for 15.4% of in-
fections in the paediatric population with diarrhoea.
Conclusions. Viruses are diffuse agents of infection in children with enteritis. Virological
tests have to be performed to diagnose enteric infections in the paediatric population. Ma-
ternal immunity to common Rotavirus strains combined with the limited circulation of the
emerging G9 Rotavirus type among our population may account for the absence of Rota-
virus infections in newborn infants.

Riassunto

Obiettivo. Per verificare se l’epidemiologia delle gastroenteriti virali in epoca neona-
tale sia comparabile con il tipo di virus identificati nelle epoche successive, gli Autori
riportano i risultati di uno studio di sorveglianza sulle infezioni da Rotavirus, Adenovirus,
Astrovirus e Norovirus condotto in 109 neonati degenti presso l’UTIN del Dipartimento
Materno-Infantile e in 214 bambini con diarrea ospedalizzati nello stesso periodo di
osservazione presso l’ospedale pediatrico “G. Di Cristina” di Palermo.
Metodi. La ricerca dei virus è stata condotta sui campioni fecali con il metodo EIA. I
Rotavirus isolati sono stati sottoposti a P e G tipizzazione.
Risultati. Nella popolazione neonatale, un singolo campione è risultato positivo per
Norovirus, due per Astrovirus e nessuno per Rotavirus ed Adenovirus; nella popolazione
pediatrica, il 24,8% dei campioni era positivo per Rotavirus, di tipo G4P[8] nel 43,4%
dei casi, G2P[4] nel 18,9%, G3P[8] nel 17%, G1P[8] nel 13,2% e G9P[8] nell’1,9%.
Norovirus, Adenovirus ed Astrovirus erano nel complesso responsabili del 15,4% delle
enteriti nella popolazione pediatrica.
Conclusioni. I virus sono diffusi agenti di infezione in bambini con enterite e test viro-
logici nei confronti di Rotavirus, Adenovirus, Norovirus ed Astrovirus sono utili per diag-
nosticare infezioni enteriche nella popolazione pediatrica. L’immunità materna nei con-
fronti dei comuni ceppi di Rotavirus combinata con la limitata circolazione del tipo emer-
gente di Rotavirus G9 può aver contribuito alla mancata circolazione di Rotavirus nella
popolazione neonatale.



Introduction

Rotavirus is the leading cause of childhood diarrhoea,
occurring most commonly among children aged from 6
months to 2 years. Neonatal infections, frequently do-
cumented in developing countries, are usually mild or
asymptomatic and are caused by Rotavirus strains that
differ from those responsible for diarrhoea in older in-
fants. In general, neonatal Rotavirus strains are regar-
ded as naturally attenuated. As they appear to protect
against severe diarrhoea associated with subsequent
Rotavirus infection, they are considered to be poten-
tially useful vaccine candidates. However, rare cases of
severe disease (necrotizing enterocolitis, bowel perfo-
ration) have been related to Rotavirus infection acqui-
red soon after birth 1.
Although the correlates of protection against rotaviral
diarrhoea are not fully understood, it is thought that ty-
pe-specific immune response plays an important role.
Two viral surface proteins, VP7 and VP4, both indu-
cing neutralizing antibodies, are used to classify Rota-
virus strains in G and P types, respectively VP7- and
VP4-related. At least 15 G types and 23 P types have
been identified to date. Ten of these G types and 11 P
types have been detected in humans. Over the years,
many different G/P combinations have been described,
but most strains belong to types G1P[8], G2P[4],
G3P[8] and G4P[8]. In 1995 a diffuse circulation of
Rotavirus types G9P[6] and G9P[8] was reported th-
roughout the world 2. G9P[6] strains have frequently
been isolated in Indian neonates 3. The P6 type proba-
bly plays a role in rotaviral attenuated virulence, as
strains with this VP4 have frequently been reported to
cause asymptomatic infections in neonates 1.
Surveillance of neonatal rotaviral infections in Europe
is poorly developed. In 2000, a protracted nosocomial
outbreak of diarrhoea in neonates caused by G9P[6]
Rotavirus strains was reported in the Netherlands 4.
This outbreak was attributed to the recent introduction
of G9 Rotavirus strains into the country, and to the lack
of protective homotypic immunity in newborn infants
and their mothers. In Palermo, G9 strains were first de-
tected as agents of childhood diarrhoea in the winter of
1999-2000 2. Sequence analysis of the VP7-coding ge-
ne of these strains revealed high nucleotidic homology
with recently circulating G9 strains 5. The emergence
of G9 strains highlights the importance of ongoing Ro-
tavirus surveillance in neonatal care units.
To understand the epidemiology of neonatal Rotavirus
infections in our geographical area, we conducted a
survey on newborn infants admitted to the neonatal ca-
re unit (NICU) of the Mother and Child Department of
the University of Palermo in 2003. Simultaneously, Ro-
tavirus strains responsible for infection in infants and
children admitted to the “G. Di Cristina” Children’s
Hospital in Palermo with enteritis were detected and ty-
ped.

Materials and Methods

PATIENTS

One hundred and nine patients admitted to the Neona-
tal Intensive Care Unit (NICU) of the Mother and Child
Department of the University of Palermo for at least 48
h, from January 1 through December 30, 2003, were
enrolled in the study. Approximately 200 patients are
admitted to this unit each year, including 15% of
VLBW newborns (birthweight < 1,500 g). Prematurity
is the most common reason for admission to the NICU
(approximately 70%), followed by respiratory distress,
congenital malformation, surgical conditions and infec-
tions.
In the same period, all children aged ≥ 1 months who
were hospitalized at the “G. Di Cristina” Children’s
Hospital for at least 48 h with vomiting and/or
diarrhoea were also enrolled in the study. The defini-
tion of diarrhoea in neonates and children was conside-
red to be the occurrence of three or more watery or loo-
se stools in a period of 24 h, not corresponding to the
usual stool pattern 6 7.

MICROBIOLOGICAL SURVEILLANCE

Four hundred and ninety-eight stool specimens were
collected: 284 from 109 newborns and 214 from the sa-
me number of children. From 1 to 12 specimens were
obtained from each patient. Neonatal rectal swabs we-
re collected weekly every Tuesday from all patients th-
roughout their NICU stay.
The older children’s specimens were collected within
24 hours of admission to exclude the possibility of ho-
spital infection.

VIRAL DETECTION AND TYPING

Stool specimens were screened by EIA (IDEIA,
DakoCytomation, Angel Drove, UK) to detect Rotavi-
rus, Adenovirus, Norovirus and Astrovirus. Rotavirus-
positive stool specimens underwent G and P typing. As
previously reported, viral strains were first G-serotyped
by monoclonal antibody enzyme immunoassays; then,
those not typeable were genotyped by semi-nested re-
verse transcription (RT)-PCR, using a pair of generic
primers (Beg9 and End 9) and subsequently a pool of
internal primers specific to G1-G4 and G9 5. For P ty-
ping, gene 4 was amplified using the generic primers
Con 3 and Con 2 and subsequently the internal primers
specific to P[4], P[6], P[8] and P[9] genotypes 2.

STATISTICAL ANALYSIS

Results were reported as mean (SD) or percentage of
observations. The chi-square test was used to compare
rates among or between group. Two tailed p value <
0.05 was considered statistically significant. The SPSS
package version 11.5 for Windows (SPSS Inc., Chica-
go, II USA) was used for statistical analysis.
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Results

Table I lists the clinical characteristics of the newborns
on admission, and the invasive treatments they un-
derwent during hospitalization.
Over 60% of them were born at less than 36 weeks ge-
stational age, and 25% of them were very low birth-
weight babies (VLBW; ≤ 1,500 g). Two-thirds of the
total newborns and 98% of the VLBW babies came to
the neonatal care unit directly from the hospital’s ma-
ternity unit; the others were referred by public health
centres in Sicily. All VLBW inborn babies had imme-
diate intensive care assistance and none showed an Ap-
gar score of < 5 at 5 minute.
Most of the neonates (92%) were admitted within their

first day of life. For at least 48% of them the duration
of hospitalization exceeded 2 weeks, with an average
length of stay in hospital of 31.9 days (median 18 days,
range 4-158).
A feeding assessment showed that over 50% of patients
received formula only.
Table II shows the results of our enteric virus investi-
gations: a single Norovirus infection (0.9%) and two
Astrovirus infections (1.8%) were found in the neona-
tal population. The birth-weight of these neonates were
1,610, 1,780, and 890 g respectively; only one was
breastfed. The three patients were inborn with a pro-
tracted hospital stay (average 50 days). None of these
neonates showed enteric symptoms.
During their stay in the NICU, a total of eight new-
borns showed enteric symptoms, characterized by
diarrhoea with mucus but without blood for approxi-
mately five days. In seven of these patients, Escheri-
chia coli (1 case), Pseudomonas aeruginosa (4 cases)
and Klebsiella oxytoca (2 cases) were detected in rectal
swab cultures. These enterobacterial strains were pro-
ved by PFGE (pulsed field gel electrophoresis) analy-
sis to belong to endemic clones circulating through ex-
tensive cross-colonization in the NICU during the sur-
veillance period 8.
For the group of older symptomatic children (6-28
months of age), Rotavirus infection was detected in 53
(24.8%) specimens, Norovirus in 13 (6.1%), Adenovi-
rus in 12 (5.6%) and Astrovirus in 8 (3.7%). Rotavirus
strain typing revealed type G1P[8] in 7 (13.2%) chil-
dren, G2P[4] in 10 (18.9%), G3P[8] in 9 (17%), G4P[8]
in 23 (43.4%) and G9P[8] in 1 child (1.9%). Three
strains were not typed.
Clinical features according to type of viral infection in
the paediatric population are shown in Table III. No
statistically significant differences were observed in

Tab. I. Characteristics of the 109 patients at the time of admis-
sion to the neonatal intensive care unit (NICU).

Population N° infants (%)

Gender
Males 53 (48)
Female 56 (52)
Birthweight, g

500 2 (1.8)
501-1000 9 (8.3)
1001-1500 16 (14.7)
1501-2000 32 (29.4)
2001-2500 19 (17.4)
> 2500 31 (28.4)

Gestational age, wks
24-29 9 (8.3)
30-36 63 (58.3)
> 36 36 (33.3)

Inborn 69 (63.3)
Age at admission > 24 h 7 (6.7)
Twin birth 17 (16)
Cesarean delivery 82 (77)
Apgar score at 5 min < 5 0
Invasive devices* 85 (78)
Enteric symptoms** 8 (7.3)
Length of stay-days*** 31.9 (29.4)

* Endotracheal tube, central venous catheter, intravenous catheter,
nasogastric tube, parenteral nutrition; ** Vomiting and/or diarrhea;
*** expressed as mean (SD)

Tab. II. Viral pathogens isolated from the two groups of patients.

Virus Newborns (n = 109) Children (n = 214)

Rotavirus 0 53 (24.8%)
Adenovirus 0 12 (5.6%)
Astrovirus 2 (1.8%) 8 (3.7%)
Norovirus 1 (0.9%) 13 (6.1%)

Tab. III. Clinical features according to type of infection in the paediatric population examined.

Characteristic Rotavirus Adenovirus Astrovirus Norovirus

No. (%) of children infected 53 (24.8) 12 (5.6) 8 (3.7) 13 (6.1)
Days of diarrhea* 4 (1-12) 4 (3-8) 4 (3-7) 3 (1-8)
Vomiting (%) 41 (77.4) 7 (58.3) 5 (62.5) 9 (69.2)
Fever (%) 34 (64.1) 6 (50) 5 (62.5) 6 (46.2)
No. of dehydrated children (%) 28 (52.8) 3 (25) 3 (37.5) 6 (46.2)

* median and (range)
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the duration of diarrhoea, frequency of vomiting, fever
and dehydration among the viral agents examined.

Conclusion

Various reservoirs have been documented during noso-
comial outbreaks of viral infection, including the envi-
ronment and infected hospital staff 4. No environmen-
tal or staff sampling was carried out during our investi-
gations. However, the main reservoir for Rotaviruses is
thought to be sick infants excreting a large number of
viral particles, as asymptomatic infections have a small
role in the maintenance of Rotavirus infection 1. For the
eight newborn infants in our study showing enteric
symptoms, viral infections were excluded by multiple
stool sample tests. Considering that Rotaviruses remain
viable on fomites for several weeks and resist to com-
mon detergents and disinfectants, and that the infec-
tious dose can be as low as 10 viral particles, we can as-
sume that Rotaviruses have not been circulating in our
care unit. A similar result was reported by Linhares et
al. in a neonatal, 2-year surveillance study on Rotavirus
infection 6. In developed countries, nosocomial Rotavi-
rus strains transmission correspond usually to those cir-
culating in the community 4. In our area, the limited cir-
culation, in infants and children, of diarrhoea caused by
G9 Rotavirus infection, and the absence of P[6] type
strains, may account for the absence of neonatal rotavi-
ral infections. Moreover, because most of the neonates
were inborn and directly admitted from the maternity
unit, they escaped any contact with older children ex-
creting Rotavirus.
Information on other neonatal viral infections is scarce.
Astroviruses are usually detected in children between 2
and 3 years of age, and as agents of mixed infections
they may increase the severity of illnesses caused by
other enteropathogens, with important nutritional con-
sequences for the child.

The importance of Norovirus as causative agent of acu-
te gastroenteritis in young children has recently been
highlighted. In France, Bon et al. 9 detected Astrovirus
and Calicivirus infections in 10% and 6%, respectively,
of symptomatic neonates. In the Netherlands, neonatal
Astrovirus and Calicivirus infections were detected in
0.7% and 6.7%, respectively, of asymptomatic neona-
tes 10. We found a low circulation of Astrovirus and No-
rovirus in asymptomatic hospitalised newborns. The
number of virus-positive patients in our study is too
small to allow us to assess the correlation between risk
factor and viral infection, although the observation that
all infected neonates had a very prolonged hospital stay
is significant in NICU infection. Our results on viral in-
fections in the paediatric population are consistent with
those of previous studies carried out in children with
gastroenteritis in developed countries, such as France
and Spain 9 11. Norovirus has recently been recognized
as the second most common enteropathogenic virus
among children with gastroenteritis 11. In our experien-
ce, it is responsible for cases of gastroenteritis that are
clinically undistinguishable from those caused by Ro-
tavirus. Routine testing for Norovirus, Astrovirus and
Adenovirus would help reduce the diagnostic gap in in-
fectious gastroenteritis.
In conclusion, we can confirm that Rotavirus is the lea-
ding agent of acute diarrhoea in the paediatric popula-
tion in our geographical area. Its role in neonatal infec-
tion is related to several factors, the most important
perhaps being the emergence of new viral strains and
the presence of infected symptomatic children. While in
1999-2000 G9 strains represented 19% of Rotaviruses
circulating in our paediatric population, in 2003 they ac-
counted for 0.9% of total infections, making their intro-
duction into neonatal intensive care units unlikely.
However, only by continuously monitoring Rotavirus
strains in the paediatric population can nosocomial out-
breaks of gastroenteritis be effectively controlled.
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