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Abstract

Background: Few data are available on the incidence of nosocomial Rotavirus infections (NRVI) in pediatric
hospitals and on their economic impact. The goals of this study were: to evaluate the incidence of NRVI in various
Italian pediatric wards during the course of two peak RV seasons; to investigate possible risk factors for NRVI; to
estimate the costs caused by NRVI.

Methods: prospective cohort study. Population: all the children under 30 months of age who were admitted
without any symptom or diagnosis of gastroenteritis in the pediatric hospitals of Florence, Naples, Brescia and
Ancona, Italy, during the winter-spring periods 2006-2007 and 2007-2008. Serial RV rapid tests and clinical
monitoring were carried out on the cohort. Telephone interviews were performed from 3 to 5 days after discharge.

Results: 520 out of 608 children completed the study (85.6%). The overall incidence of NRVI was 5.3% (CI95% 3.6-
7.5), (7.9 per 1,000 days of hospital stay, CI 95% 5.3-11.3). The average duration of hospital stay was significantly
longer for children who had NRVI (8.1 days, SD 5.4) than for non-infected children (6.4 days, SD 5.8, difference
1.7 days, p = 0.004). The risk of contracting NRVI increased significantly if the child stayed in hospital more than
5 days, RR = 2.8 (CI95% 1.3-6), p = 0.006. In Italy the costs caused by NRVI can be estimated at 8,019,155.44 Euro
per year. 2.7% of the children hospitalized with no gastroenteritis symptoms tested positive for RV.

Conclusions: Our study showed a relevant incidence of NRVI, which can increase the length of the children’s stay
in hospital. Limiting the number of nosocomial RV infections is important to improve patients’ safety as well as to
avoid additional health costs.

Background
Rotavirus (RV) is the most frequent cause of viral gas-
troenteritis in children under 5 years of age. The virus
can cause severe diarrhea and dehydration, especially in
children aged 6 to 24 months. In developing countries,
acute gastroenteritis due to RV infection (RV AGE)
causes the death of approximately 440,000 children
every year [1,2]. In the USA, RV is responsible for
the hospitalization of 58,000 to 70,000 children every
year [3].
The RV genus of the Reoviridae family is very diverse,

as it consists of different groups (A-G) and of different
types based on the characteristics of the surface proteins

VP7 (G = glycoprotein) and VP4 (P = protease-sensitive
protein). To date, at least 23 G types and 31 P types of
group A RVs, the group which most commonly infects
humans, have been differentiated [4,5].
The virus is mainly transmitted by feco-oral route or

by direct contact, but it can occasionally be transmitted
through droplets. Since the virus is stable in the envir-
onment, transmission can occur through the ingestion
of contaminated water and food, and through contact
with contaminated surfaces and objects. Cross-infection
through contamination of the hands is probably the
most common transmission route in healthcare settings.
RV AGE has an incubation period of 1 - 3 days, which
is followed by the sudden onset of watery diarrhea, with
possible dehydration, vomiting and fever lasting from 4
to 7 days. In the temperate zones of the planet, the
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virus has seasonal peaks (in the Northern hemisphere
from November to March), whereas in tropical regions
RV infections occur all year round [6].
In 2007 the World Health Organization recommended

the inclusion of rotavirus vaccination in the national
immunization programs of countries in which RV gastro-
enteritis has a substantial public health impact [7]. Evi-
dence of the effectiveness of immunization programs is
available for the two existing RV vaccines, both in indus-
trialized and in developing countries [8-10]. Recent data
suggest that the RV vaccine coverage is as high as 70% in
some USA states [11]. Reported RV vaccine coverage in
European countries varies from 35% to 85% [12].
In industrialized countries, RV infection is only rarely

a cause of death for children. Nevertheless, the high
number of hospitalizations due to RV indicates that the
economic and social impact of the disease deserves
attention [13].
In particular, RV infections contracted by hospitalized

children is a source of worry. In pediatric hospitals, the
reservoir of infection is represented by already infected
children, while the vehicle can be toys or other objects
which are handled by children, also via the hands of
mothers and health care workers which have not been
washed correctly. The infection contracted in the hospital
setting causes the child to stay longer in hospital as well as
additional economic and social costs [14]. Asymptomatic
RV infections are a particular cause of concern. These
infections lack the symptoms of vomiting and/or diarrhea,
or infected people often show nonspecific symptoms such
as fever, headache, nausea, and fatigue [15]. Recent studies
showed relevant prevalences of asymptomatic RV infec-
tions both among adults and children [15,16].
At present, the number of studies on the incidence of

nosocomial RV infections (NRVI) in pediatric hospitals
[16-26] and on their economic impact [14,16,27-29] is
limited.
The incidence of NRVI in hospitals may be underesti-

mated and little attention may be given to prevention
and to the increase in the social costs of the disease, e.g.
longer hospital stay (direct costs), as well as in absences
from work of family members who assist the young
patient (indirect costs) [30,31].
Additional data on the incidence of NRVI are useful

to evaluate the risks linked with healthcare, to plan the
use of available resources, and to estimate healthcare
costs [32,33].
To calculate the incidence of NRVI with acceptable

precision, it is necessary to carry out prospective popula-
tion studies including all the children hospitalized during
a period of reference. Given that the incubation period of
RV infection can vary from 24 to 72 hours and in order
to be able to detect all NRVI cases, tests on the feces of
all the patients hospitalized without gastroenteritis

symptoms should be carried out upon admittance, as
well as during the period of hospital stay if gastroenteritis
symptoms manifest themselves. Furthermore, all children
must be clinically monitored for up to 72 hours following
discharge from the hospital [16,34].
The primary objective of our study was to evaluate the

incidence of NRVI in various pediatric wards through-
out Italy during the course of two peak RV infection
periods.
The secondary objectives were:
- To investigate possible risk factors for NRVI among

the demographic and nosological characteristics of the
hospitalized children.
- To estimate the additional health costs caused by

nosocomial RV infections in the periods under
consideration.

Methods
Study design
We conducted a multi-center observational prospective
cohort study during two peak RV infection periods
(winter-spring 2006-2007, winter-spring 2007-2008).
The choice of the period was based on a preliminary
study, which showed that approximately 80% of NRVI
cases occur during the winter-spring period [35].
The incidence of nosocomial RV infection was investi-

gated by constantly monitoring the clinical conditions of
the whole population of children hospitalized in the par-
ticipating wards during the study period.
In the first period, the study was carried out in three

pediatric wards in two hospitals ("Meyer” Children’s
Hospital of Florence and Pediatric Unit of the University
of Naples “Federico II”). In the second period, the study
was carried out in five pediatric wards in four hospitals
(the ones previously mentioned, as well as the Pediatric
Unit of the Children’s Hospital of Brescia and the Pedia-
tric Unit of the “Salesi” Hospital of Ancona). The study
setting was represented by the wards which normally
care for children up to 30 months of age who do not
need intensive care.
Subjects were consecutively recruited from all the chil-

dren under 30 months of age who were admitted to the
participating wards without a diagnosis of RV AGE and
without any symptom suggesting gastroenteritis (diar-
rhea or vomiting with or without fever) in the periods
from 24/1/2007 to 31/5/2007 and from 14/12/2007 to
31/5/2008. Informed consent to participation in the
study was given by the children’s parents. Recruitment
was performed upon hospital admission. Upon recruit-
ment of each child in the participating ward, medical
history data were obtained.
A rapid RV test was carried out on the first feces

emitted by all the recruited subjects after hospital
admittance, regardless of their clinical condition.
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The children for whom it was not possible to obtain a
fecal sample within 24 hours of hospital admission were
considered “lost to follow-up”. In this case, evidence
that the subject was negative for RV upon enrollment
and thus susceptible to infection was unavailable.
The children who tested positive for RV upon admit-

tance were considered not recruitable ex-post, as they
did not meet one of the inclusion criteria.
Each of the enrolled children was visited by a doctor

or nurse (including physical examination) at least once a
day for the whole duration of their stay in hospital. The
pediatricians and nurses performed a clinical evaluation
and routine check-up on the children following the indi-
cations of the protocol adopted in the ward. When signs
and symptoms of gastroenteritis arose during hospital
stay, a RV test of the child’s feces was carried out.
The rapid RV test was performed again at the

moment of discharge from the hospital, irrespective of
the child’s clinical condition.
Furthermore, the family was contacted via telephone

between the 3rd and the 5th day following discharge to
answer a number of questions regarding the appearance
of signs and symptoms of gastroenteritis after leaving
the hospital ward.
The RV test was conducted using a rapid test for RV

(Vikia Rota-Adeno Biomerieux, Lyon, France). This test
has a 99% sensitivity rate and 100% specificity.
The samples which tested positive for RV were pre-

served at -20°C and later sent to the Istituto Superiore
di Sanità (National Institute of Health, Rome, Italy) for
genotyping.
The recruited subjects who tested negative for RV at

hospital admittance with the rapid test were considered
cases of nosocomial RV infection when the rapid test
indicated RV infection at least 72 hours after hospital
admittance.
Children were considered lost to follow-up in case of

withdrawal of consent by the parents, in case of inability
to obtain a fecal sample for RV control upon discharge
from the hospital, and in case of inability to carry out a
telephone interview within 3 to 5 days after discharge.
The study was conducted in accordance with the lat-

est amended version of the Declaration of Helsinki, with
the Good Clinical Practice guidelines and with the Eur-
opean guidelines on conducting clinical studies in pedia-
trics (CPMP/ICH/99). Authorization was requested and
obtained from the ethics committee of all the four hos-
pitals involved in the study.

Data Analysis
In order to calculate the incidence of NRVI, the
numerator is represented by the detected NRVI cases
(as previously defined); the denominator is represented

by the number of recruited subjects minus the ones lost
to follow up.
Afterward, we calculated the incidence per 1,000 days

of hospital stay. In this case, the numerator is repre-
sented by the number of detected NRVI cases (as pre-
viously defined); the denominator is represented by the
number of total days spent in hospital by the recruited
patients, minus the number of days of stay of the
patients lost to follow-up and of the ones with RV infec-
tion after admission.
The 95% confidence interval was calculated on the

incidence [36].
In order to explore any possible differences in the risk

of contracting NRVI based on the various characteristics
of the subjects, we carried out an exploratory statistical
analysis by stratifying the subjects on the basis of several
qualitative and quantitative variables.
The statistical analysis of the differences in the risk of

contracting NRVI for dichotomous variables (sex and
age range) was conducted by calculating the relative
risks and by determining the corresponding 95% confi-
dence interval.
We also studied the difference in age and in the

length of hospital stay of children with and without
NRVI. The statistical analysis was carried out by com-
paring the mean age using ANOVA and the length of
hospital stay with a non-parametric test (Mann-
Whitney).
In order to estimate the additional costs attributable

to NRVI, we first estimated the number of children
affected by NRVI in Italy in one year: this was done by
using the data concerning the hospitalization of children
provided by the Istituto Centrale di Statistica Italiano
(Italian Central Institute of Statistics) [37,38] and by
applying the incidence detected in our study to these
data.
For each additional day of hospital stay due to NRVI,

the following were calculated:
- the cost of the days spent in hospital, based on the

Diagnosis Related Groups [39-41] of the Italian Ministry
of Health;
- the cost of lost productivity due to absence from

work of one of the parents, on the basis of the data pro-
vided by the Italian Central Bank [42,43].
For each of the two study periods, the coordinating

center performed three data quality assessments by ana-
lyzing all of the clinical assessment forms and by verify-
ing data consistency. Random assessment of data
recording quality was also conducted.

Genotyping
The clinical RV isolates were shipped in dry ice to the
National Institute of Health of Rome for strain
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characterization. A 10% suspension in water was pre-
pared for further rotavirus-specific RT-PCR and nested
PCR tests. Nucleic acid extraction and G/P rotavirus
typing: double-stranded viral RNA was extracted from
140 ul of the 10% fecal suspension by using a commer-
cial kit (QIAamp viral RNA minikit; QIAGEN) and fol-
lowing the manufacturer’s instructions. The RNA was
eluted in 50 ul of RNase-free water and stored at -80°C.
G and P rotavirus genotyping was performed by using
RT-PCR methods, as reported previously [44]. In order
to identify the G type, we used the VP7-F and VP7-R
consensus primers [45] in RT-PCR. Subsequently, the
VP7-R primer was used in a nested multiplex PCR
together with G1, G2, G3, G4, G8, G9, and G10 type-
specific primers [44-46]. The samples which tested
negative by G typing with the primers described above
were also tested by using a PCR with G12-specific pri-
mers [47]. For P types, we used Con2-Con3 consensus
primers [48] in RT-PCR, followed by the standard mul-
tiplex PCR including the Con3, in combination with the
typing primers P4, P6, P8, P9, P10, and P11 [46,48,49].
VP6 RT-PCR was performed as described previously
[50].

Results
We were able to recruit 608 subjects who met the inclu-
sion criteria.
Out of the 625 subjects who initially met the inclusion

criteria, 17 (2.7%) tested positive for RV on the rapid
test conducted upon hospital admittance, even without
symptoms of AGE. 88 subjects were lost to follow-up
(equal to 14.4%), 64 of whom due to the inability to
take a stool sample within 24 hours of admittance and
another 24 due to the inability to perform a final evalua-
tion (faeces exam or telephone interview).
Figure 1 shows the flowchart of the subjects included

in the study.
The 520 children who completed the study had a

mean age of 9.4 months (SD 8.2) and stayed in hospital
for an average of 6.5 days (SD 5.8). 41.3% of them were
female. With respect to age, 11.3% of children were
newborns, 34.8% were aged from 1 to 6 months, 19.2%
from 7 to 12 months and 34.7% from 13 to 30 months.

Detection of NRVI
During the study period, 28 cases of NRVI were
detected. Sixteen NRVIs out of 229 subjects were
detected in the first season and 12 out of 291 in the sec-
ond season.
The total incidence of NRVI was 5.3% (CI95% 3.6-7.5),

6.9% in the first season (CI95% 4.1-10.8) and 4.1% in the
second season (CI95% 2.2-6.9).
The incidence per day of hospital stay was also calcu-

lated. The overall incidence of NRVI (per 1,000 days of

hospital stay) was 7.9‰ (CI95% 5.3-11.3): 11.5‰ in the
first season (CI95%6.6-18.7) and 6.1‰ in the second
season (3.2-10.8).
Based on the telephone interviews performed from 3

to 5 days after hospital discharge, 29 additional cases of
suspected gastroenteritis emerged after the subjects
returned home and were thus associated with being hos-
pitalized. However, it was not possible to obtain diag-
nostic confirmation of these cases with an RV test on
stools.
Table 1 shows the distribution of the reasons of hospi-

talization among the 28 children who had NRVI.

Statistical analysis
The risk of contracting NRVI for females was half the
one for males (3.7% vs. 6.5%). However, the difference is
not statistically significant (RR = 0.57, CI 0.25-1.27).
With respect to age, the incidence of NRVI was 4.23

(CI 95% 2.3-7.6) in children under 6 months of age (n =
236). In children aged 6 months or more (n = 284), the
incidence of NRVI was 6.33 (CI 95% 4-9.7), RR = 1.49,
CI 95% 0.7-3.1.

Figure 1 Flowchart of the subjects included in the study.

Table 1 Distribution of the reasons of hospitalization
among the 28 children who had NRVI

reason of admission n % reason of admission n %

pneumonia 8 28.6 gastro-oesophageal
reflux

1 3.6

bronchiolitis 1 3.6 pyelonefritis 2 7.1

acute problems in chronic
patients

1 3.6 failure to thrive 1 3.6

febrile seizure 2 7.1 trauma 1 3.6

anemia 3 10.7 other 7 25.0

non febrile seizure 1 3.6
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Children in their 9th month of age (n = 19) turned out
to be at a higher risk of contracting NRVI (21.1%) than
children of all other ages, RR 4.39, CI95% 1.69-11.4.
No statistically significant difference was found

between the mean ages of children with and without
NRVI (9.3 months and 9.4 months respectively, p = ns).
There was no statistically significant difference also

between the mean ages of children with and without
NRVI stratified by sex and season of study (1st or 2nd

season of the study).
Mean hospital stay resulted significantly longer (8.1

days, SD 5.4) for children who had NRVI (n = 28) than
for the ones who did not contract it (6.4 days, SD 5.8,
difference of 1.7 days, p = 0.004) (n = 492). On average,
hospital stay was thus 26.5% longer for children who
had contracted the nosocomial infection.
Table 2 shows the difference between the mean length

of hospital stay for children with and without NRVI
stratified by sex and season.
Among children whose hospital stay was longer than 5

days (n = 225) there were 19 cases of NRVI vs 9 cases
among children with an hospital stay up to 5 day long
(n = 295), with a RR = 2.8 (CI95% 1.3-6), p = 0.006.
Among children admitted to hospital in the month of

March (n = 131) there were 12 cases of INRV vs 16
cases among children admitted in all other months (n =
389), with a RR of 2.2 (CI95%1.08-4.5), p = 0.02.

Cost analysis
In Italy approximately 885,000 children aged 0 to 14
require hospital admission every year. Approximately
414,000 of them are under 30 months of age, 36.9% of
whom are hospitalized during the period of reference of
our study (December-May) [37,38]. Therefore, the total
number of children under 30 months of age who are
hospitalized during the RV peak period is approximately
152,766.

Based on the incidence found in our study, one could
estimate that in Italy approximately 8,097 children
under 30 months of age hospitalized in the December-
March period contract NRVI every year.
Based on the differences we found in our study in the

length of hospital stay between the children affected and
the ones not affected by NRVI, the total increase in hos-
pital stay caused by NRVI can be estimated to be
13,764.9 days. The average cost of a day in hospital in
an Italian pediatric ward is 434.58 Euro [39-41], while
the average unitary cost of a lost day of work is 148.00
Euro [42,43].
At a national level, the additional health costs derived

from longer hospital stay due to NRVI can thus be esti-
mated to be 8,019,155.44 Euro per year.
The cost of one RV vaccination is 164 Euro. There-

fore, vaccinating all the subjects included in our study
would have cost 85,280 Euro. Based on the differences
we found in the length of hospital stay between the chil-
dren affected and the ones not affected by NRVI, we can
speculate that through RV vaccination, the total number
of days spent by children with NRVI in hospital (229
days) would have been reduced to 168.3. Saving 60.7
hospital days corresponds to an estimated reduction in
healthcare expenditure of 35,362.60 Euro per year.

Typing of collected isolates
The results of genotyping show that in winter the G1 P
[8] genotype is more common (80%, n = 12). Other gen-
otypes found during the winter season were G9 P[8]
(13.3%, n = 2) and G3 P[8] (6.6%, n = 1).
The distribution of the genotypes responsible for the

contraction of NRVI in spring is instead more varied:
G1 P[8] (50%, n = 6), G9 P[8] (41.6%, n = 5), G2 P[4]
(8.3%, n = 1). In one case, it was not possible to type
the isolate.

Discussion
At present, several retrospective studies providing esti-
mates of the incidence of NRVI in children are available.
Compared to them, prospective cohort studies can pro-
vide more reliable and less biased data. However, to
date only few researches on the incidence of NRVI have
been conducted using a prospective cohort study design
and the existing ones were mainly carried out on small
populations [19-26].
Our results give an updated and representative picture

of the epidemiology of nosocomial RV infections, which
affect more than 5% of the children under 30 months of
age hospitalized in winter and in spring. This also con-
firms the clinical and social relevance of this type of
infection. The total incidence of NRVI detected in our
study deserves attention and it is consistent with the
results of other studies having the same design [19-26].

Table 2 Differences between the mean length of hospital
stay for children with and without NRVI stratified by sex
and season

Children with
NRVI

Children without
NRVI

p

Males 7.6
(sd 7.2)
n = 20

6.2
(sd 8.3)
n = 286

0.03

Females 9.5
(sd 5.4)
n = 8

6.7
(sd 6.1)
n = 206

0.03

1st season 7
(sd 2.6)
n = 16

6.1
(sd 5.9)
n = 213

0.01

2nd season 9.6
(sd 7.6)
n = 12

6.6
(sd 5.7)
n = 279

ns
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A 2006 review about NRVI incidence across Europe
reports that NRVIs account for 0.3-27.7% of all hospital
admissions and for 1.6-15.8 per 1,000 days of hospital
stay [14].
A limit of our study could be the fact that the

observed cohort had a loss to follow-up of 14.4%, a sta-
tistically acceptable percentage which should not to be
overlooked, but which does not alter the reliability of
results.
Another possible limit of our study may be the fact

that no information is available about the percentage of
recruited children immunized against RV and about the
percentage of breast-fed babies among them. This infor-
mation could have given important indications on how
to evaluate the incidence of NRVI resulting from our
study. Breastfeeding is indeed associated with a reduced
incidence of gastroenteritis [51]. Our data show a
reduced incidence of NRVI in children under 6 months
of age, which might be explained both by breastfeeding
and by the presence in younger infants of transplacen-
tally transferred maternal anti-RV antibodies [52]. How-
ever, the difference is not statistically significant.
With respect to the possible risk factors for NRVI, the

mean age of the children affected by NRVI did not differ
from the one of children who were not. No significant
difference in the incidence of NRVI in the two genders
was found.
In line with the data of other studies [14], the period

of highest risk for NRVI turned out to be the month of
March. Our study also highlighted that the length of
hospital stay influences the risk of contracting NRVI. In
fact, the risk increases in a statistically significant man-
ner after the fifth day in hospital.
Our study also showed that NRVI brings about a sta-

tistically significant and clinically relevant increase in
hospitalizations, thus causing higher, non-negligible
costs for the healthcare and social systems, also in rela-
tion to the total healthcare costs of a country.
Our data do not seem to suggest a possible decrease

in the direct costs of hospitalization following RV vacci-
nation. However, our study population is limited and
additional research is necessary to evaluate the possible
impact of RV vaccination on the additional costs high-
lighted in our study.
With respect to typing isolates responsible for NRVI,

recent global epidemiology studies, used to monitor the
emergence of new strains, highlighted that 88% of the
strains which can infect human beings have G1, G2, G3
and G4 genotype in combination with P[8] or P[4] ele-
ments [53]. The results of our study are consistent with
these previous findings.
It is worth noting that the genotypes of the isolates

found in our study are all covered by the two existing

Rotavirus vaccines (Rotateq, Sanofi Pasteur MSD, Lyon
and Rotarix, GlaxoSmithKline Biologicals, Rixensart)
Since the transmission of RV occurs primarily by con-

tact, the results of our study confirm the importance of
insisting on handwashing, on the implementation of
appropriate hygiene standards and on prevention, as
recommended also in the existing guidelines [54-56] for
relatives of hospitalized children and for hospital staff.
It is noteworthy that 2.7% of the recruitable subjects

who were hospitalized for reasons other than gastroen-
teritis, and who had no gastroenteritis symptoms, tested
positive for RV. These children can become a source of
outbreaks of NRVI within the ward where they are
admitted. Using the RV rapid test upon hospital admis-
sion during the period of higher risk of NRVI for chil-
dren under 30 months of age might be a way to reduce
the impact of NRVI in pediatric hospitals. However,
additional studies are needed to confirm this hypothesis.

Conclusion
Nosocomial Rotavirus infection is an important problem
from a clinical, organizational and economic point of
view. Although RV is a marginal cause of death in Wes-
tern countries, limiting the number of nosocomial RV
infections is important both to improve patients’ safety
and to avoid additional health care costs.

Acknowledgements
This study was made possible by a grant from Sanofi Pasteur.
Rotavirus genotyping was accomplished at ISS within the activities of
EUROROTANET - http://www.eurorota.net.

Author details
1Department of Pediatrics, University of Florence, Florence, Italy.
2Department of Pediatrics, University of Naples “Federico II”, Naples, Italy.
3Department of Pediatrics, University of Brescia, Brescia, Italy. 4Department of
Pediatrics, “Salesi” Children’s Hospital, Ancona, Italy. 5Infection Control Unit,
“Meyer” Children’s Hospital, Florence, Italy. 6Department of Veterinary Public
Health & Food Safety, National Institute of Health-Istituto Superire di Sanità,
Rome, Italy.

Authors’ contributions
All authors read and approved the final manuscript. FF conceived the study,
participated in its design and coordinated it, carried out the analysis and
interpretation of data and prepared the manuscript, PC coordinated the
acquisition of data and performed the RV rapid tests, DM coordinated the
recruitment and acquisition of samples in center 2, BT coordinated
the recruitment and acquisition of samples in center 3, MC coordinated the
recruitment and acquisition of samples in center 4, DC participated in the
design and analysis of data, KPB coordinated the recruitment and acquisition
of samples in center 1, RS participated in the interpretation of data, FMR
Carried out the genotyping of RV, FMDB participated in the recruitment and
acquisition of samples in center 4, AP participated in the recruitment
and acquisition of samples in center 3, AG participated in the recruitment
and acquisition of samples in center 2, MDM Participated in the design of
the study and interpretation of data.

Competing interests
This research was entirely funded by Sanofi Pasteur.
The author declares that no other financial or non financial competing
interest exists.

Festini et al. BMC Infectious Diseases 2010, 10:235
http://www.biomedcentral.com/1471-2334/10/235

Page 6 of 8

http://www.eurorota.net


Received: 2 November 2009 Accepted: 9 August 2010
Published: 9 August 2010

References
1. Parashar UD, Burton A, Lanata C, Boschi-Pinto C, Shibuya K, Steele D,

Birmingham M, Glass RI: Global mortality associated with rotavirus
disease among children in 2004. J Infect Dis 2009, 200(Suppl 1):S9-S15.

2. Parashar UD, Gibson CJ, Bresse JS, Glass RI: Rotavirus and severe
childhood diarrhea. Emerg Infect Dis 2006, 12(2):304-6.

3. Charles MD, Holman RC, Curns AT, Parashar UD, Glass RI, Bresee JS:
Hospitalizations associated with rotavirus gastroenteritis in the United
States, 1993-2002. Pediatr Infect Dis J 2006, 25(6):489-93.

4. Schumann T, Hotzel H, Otto P, Johne R: Evidence of interspecies
transmission and reassortment among avian group A rotaviruses.
Virology 2009, 386(2):334-43.

5. Ursu K, Kisfali P, Rigó D, Ivanics E, Erdélyi K, Dán A, Melegh B, Martella V,
Bányai K: Molecular analysis of the VP7 gene of pheasant rotaviruses
identifies a new genotype, designated G23. Arch Virol 2009, 154(8):1365-9.

6. Desselberger U, Iturriza-Gómara M, Gray JJ: Rotavirus epidemiology and
surveillance. Novartis Found Symp 2001, 238:125-47.

7. WHO: Rotavirus vaccines. WHO position paper. Weekly epidemiological
record 2007, 82:285-296.

8. Vesikari T, Matson DO, Dennehy P, Van Damme P, Santosham M,
Rodriguez Z, Dallas MJ, Heyse JF, Goveia MG, Black SB, Shinefield HR,
Christie CD, Ylitalo S, Itzler RF, Coia ML, Onorato MT, Adeyi BA, Marshall GS,
Gothefors L, Campens D, Karvonen A, Watt JP, O’Brien KL, DiNubile MJ,
Clark HF, Boslego JW, Offit PA, Heaton PM: Safety and efficacy of a
pentavalent human-bovine (WC3) reassortant rotavirus vaccine. N Engl J
Med 2006, 354:23-33.

9. Ruiz-Palacios GM, Pérez-Schael I, Velázquez FR, Abate H, Breuer T,
Clemens SC, Cheuvart B, Espinoza F, Gillard P, Innis BL, Cervantes Y,
Linhares AC, López P, Macías-Parra M, Ortega-Barría E, Richardson V, Rivera-
Medina DM, Rivera L, Salinas B, Pavía-Ruz N, Salmerón J, Rüttimann R,
Tinoco JC, Rubio P, Nuñez E, Guerrero ML, Yarzábal JP, Damaso S,
Tornieporth N, Sáez-Llorens X, et al: Safety and efficacy of an attenuated
vaccine against severe rotavirus gastroenteritis. N Engl J Med 2006,
354:11-22.

10. Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw C, Ngwira B,
Victor JC, Gillard PH, Cheuvart BB, Han HH, Neuzil KM: Effect of Human
Rotavirus Vaccine on Severe Diarrhea in African Infants. N Engl J Med
2010, 362:289-298.

11. Parashar U: Uptake and impact of Rotavirus vaccines in U.S. children.
14th International Congress on Infectious Diseases; March 9-12, 2010; Miami .

12. Vesikari T, Sutherland D, Jackson AE: Report of the ‘European Expert
Meeting on Rotavirus Vaccination’, Tampere, Finland, 19-20 May 2009.
Vaccine 2009, 27:7222-7.

13. Rheingans RD, Heylen J, Giaquinto C: Economics of rotavirus
gastroenteritis and vaccination in Europe: what makes sense? Pediatr
Infect Dis J 2006, 25(1 Suppl):S48-55.

14. Gleizes O, Desselberger U, Tatochenko V, Rodrigo C, Salman N, Mezner Z,
Giaquinto C, Grimprel E: Nosocomial rotavirus infection in European
countries: a review of the epidemiology, severity and economic burden
of hospital-acquired rotavirus disease. Pediatr Infect Dis J 2006, 25(1
Suppl):S12-21.

15. Phillips G, Lopman B, Rodrigues LC, Tam CC: Asymptomatic rotavirus
infections in England: prevalence, characteristics, and risk factors. Am J
Epidemiol 2010, 171(9):1023-30.

16. Gianino P, Mastretta E, Longo P, Laccisaglia A, Sartore M, Russo R,
Mazzaccara A: Incidence of nosocomial rotavirus infections, symptomatic
and asymptomatic, in breast-fed and non-breast-fed infants. J Hosp Infect
2002, 50(1):13-7.

17. Zerr DM, Allpress AL, Heath J, Bornemann R, Bennett E: Decreasing
hospital-associated rotavirus infection: a multidisciplinary hand hygiene
campaign in a children’s hospital. Pediatr Infect Dis J 2005, 24(5):397-403.

18. Sulik A, Oldak E, Rozkiewicz D, Skorochodzki J, Kurzatkowska B: Prospective
study of rotaviral infections in children hospitalized at the Clinic of
Pediatric Infectious Diseases in Bialystok in 2003. Przegl Epidemiol 2004,
58(3):475-81.

19. Cunliffe NA, Allan C, Lowe SJ, Sopwith W, Booth AJ, Nakagomi O, Regan M,
Hart CA: Healthcare-associated rotavirus gastroenteritis in a large
paediatric hospital in the UK. J Hosp Infect 2007, 67:240-4.

20. Thuret A, Patural H, Berthelot P, Benzait F, Martin I, Jusot JF, Teyssier G,
Fabry J, Pozzetto B: Prospective follow-up of hospital-acquired diarrhoea
in 28 paediatric wards of the south-east part of France during a winter
season. Pathol Biol 2004, 52(3):131-7.

21. Roman Riechmann E, Wilhelmi de Cal I, Cilleruelo Pascual ML, Calvo Rey C,
Garcia Garcia ML, Sanchez-Fauquier A: Nosocomial gastroenteritis and
asymptomatic rotavirus and astrovirus infection in hospitalized children.
An Pediatr (Barc) 2004, 60(4):337-43.

22. Sermet-Gaudelus I, de La Rocque F, Salomon JL, Lachassine E, Leruez-
Ville M, Baujat G, Trioche P, Valdes L, Parez N, Aujard Y: Rotavirus
nosocomial infection in pediatric units. A multicentric observation.
Pathol Biol 2004, 52(1):4-10.

23. Pina P, Le Huidoux P, Lefflot S, Araujo E, Bellaiche M, Harzig M, Allouch PY,
Foucaud P: Nosocomial rotavirus infections in a general pediatric ward:
epidemiology, molecular typing and risk factors. Arch Pediatr 2000,
7(10):1050-8.

24. Marc E, Biscardi S, Soulier M, Lebon P, Gendrel D: [Nosocomial rotavirus
infections in a pediatric unit: surveillance during four successive
winters]. Med Mal Infect 2007, 37:61-6.

25. Foppa IM, Karmaus W, Ehlken B, Fruhwirth M, Heininger U, Plenge-Bonig A,
Forster J: Health care-associated rotavirus illness in pediatric inpatients in
Germany, Austria, and Switzerland. Infect Control Hosp Epidemiol 2006,
27:633-5.

26. Mastretta E, Longo P, Laccisaglia A, Balbo L, Russo R, Mazzaccara A,
Gianino P: Effect of Lactobacillus GG and breast-feeding in the
prevention of rotavirus nosocomial infection. J Pediatr Gastroenterol Nutr
2002, 35:527-31.

27. Piednoir E, Bessaci K, Bureau-Chalot F, Sabouraud P, Brodard V,
Andreoletti L, Bajolet O: Economic impact of healthcare-associated
rotavirus infection in a paediatric hospital. J Hosp Infect 2003, 55:190-5.

28. Fruhwirth M, Berger K, Ehlken B, Moll-Schuler I, Brosl S, Mutz I: Economic
impact of community- and nosocomially acquired rotavirus
gastroenteritis in Austria. Pediatr Infect Dis J 2001, 20(2):184-8.

29. Marsella M, Raimondi L, Bergamini M, Sprocati M, Bigi E, De Sanctis V,
Borgna-Pignatti C, Gabutti G: Epidemiology of rotavirus-associated
hospital admission in the province of Ferrara. Italy. Eur J Pediatr 2009,
168(12):1423-7.

30. Jacobs P, Shane L, Fassbender K, Wang E, Moineddin R, Ford-Jones E:
Economic analysis of rotavirus-associated diarrhea in the metropolitan
Toronto and Peel regions of Ontario. Can J Infect Dis 2002, 13(3):167-74.

31. Giaquinto C, Van Damme P, Huet F, Gothefors L, Van der Wielen M, REVEAL
Study Group: Costs of community-acquired pediatric rotavirus
gastroenteritis in 7 European countries: the REVEAL Study. J Infect Dis
2007, 195(Suppl 1):S36-S44.

32. Ford-Jones EL, Wang E, Petric M, Corey P, Moineddin R, Fearon M:
Rotavirus-associated diarrhea in outpatient settings and child care
centers. The Greater Toronto Area/Peel Region PRESI Study Group.
Pediatric Rotavirus Epidemiology Study for Immunization. Arch Pediatr
Adolesc Med 2000, 154(6):586-93.

33. Stegenga J, Bell E, Matlow A: The role of nurse understaffing in
nosocomial viral gastrointestinal infections on a general pediatrics ward.
Infect Control Hosp Epidemiol 2002, 23(3):133-6.

34. Kinnula SE, Renko M, Tapiainen T, Knuutinen M, Uhari M: Hospital-
associated infections during and after care in a paediatric infectious
disease ward. Hosp Infect 2008, 68(4):334-40.

35. Biermann KP, Neri S, Reali MF, de Martino M, Festini F: Incidence of
nosocomial rotavirus infections in a pediatric hospital over a 3-year
period. Minerva Pediatrica 2006, 58:477-482.

36. Rothman KJ, Greenland S: Modern Epidemiology. Philadelphia: Lippincott
Williams & Wilkins 1998.

37. Italian Institute of Statistics: Annuario Statistico 2008. ISTAT, Rome 2008.
38. Bonati M, Campi R: Nascere e crescere oggi in Italia. Il Pensiero Scientifico

ed. Roma 2005.
39. Ministero della Salute. Diagnosis Related Groups [http://www.drg.it].
40. Azzari C, Massai C, Poggiolesi C, Indolfi G, Spagnolo G, De Luca M,

Gervaso P, de Martino M, Resti M: Cost of varicella-related hospitalisations
in an Italian paediatric hospital: comparison with possible vaccination
expenses. Curr Med Res Opin 2007, 23(12):2945-54.

41. Giaquinto C, Callegaro S, Andreola B, Bernuzzi M, Cantarutti L, D’Elia R,
Drago S, de Marchi A, Falconi P, Felice M, Giancola G, Lista C, Manni C,
Perin M, Pisetta F, Scamarcia A, Sidran MP, Largeron L, Trichard M, Da

Festini et al. BMC Infectious Diseases 2010, 10:235
http://www.biomedcentral.com/1471-2334/10/235

Page 7 of 8

http://www.ncbi.nlm.nih.gov/pubmed/19817620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19817620?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16494759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16494759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16732145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16732145?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19249805?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19593592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19593592?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11444024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11444024?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394299?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16394298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20107214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20107214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19822233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19822233?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397429?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16397425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20392863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20392863?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11825046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11825046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15876937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15876937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15876937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15730012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15730012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15730012?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17949852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17949852?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15063932?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15063932?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15063932?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15033111?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15033111?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14761706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14761706?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11075259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11075259?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17150322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17150322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17150322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16755487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16755487?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12394379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12394379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14572486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14572486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11224839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11224839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11224839?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19255784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19255784?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18159388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18159388?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17539193?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17539193?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10850505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10850505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10850505?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11918117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11918117?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17008859?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17008859?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17008859?dopt=Abstract
http://www.drg.it
http://www.ncbi.nlm.nih.gov/pubmed/17937842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17937842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17937842?dopt=Abstract


Dalt L: Costi della gastroenterite da rotavirus acquisita in comunità in
età pediatrica a Padova in Italia. PharmacoEconomics Italian Research
Articles 2007, 9:103-11.

42. Italian Central Bank. [http://www.bancaditalia.it].
43. Lucioni C, Alliata E, Mazzi S, Lizioli A: I costi della meningite

pneumococcica in età pediatrica. Pharmacoeconomics Italian Research
Articles 2005, 7:177-86.

44. Gouvea V, Glass RI, Woods P, Taniguchi K, Clark HF, Forrester B, Fang ZY:
Polymerase chain reaction amplification and typing of rotavirus nucleic
acid from stool specimens. J Clin Microbiol 1990, 28:276-282.

45. Gomara MI, Cubitt D, Desselberger U, Gray J: Amino acid substitution
within the VP7 protein of G2 rotavirus strains associated with failure to
serotype. J Clin Microbiol 2001, 39:3796-3798.

46. Iturriza-Gomara M, Kang G, Gray J: Rotavirus genotyping: keeping up with
an evolving population of human rotaviruses. J Clin Virol 2004,
31:259-265.

47. Samajdar S, Varghese V, Barman P, Ghosh S, Mitra U, Dutta P,
Bhattacharya SK, Narasimham NV, Panda P, Krishnan T, Kobayashi N, Naik N:
Changing pattern of human group A rotaviruses: emergence of G12 as
an important pathogen among children in eastern India. J Clin Virol 2006,
36:183-188.

48. Gentsch JR, Glass RI, Woods P, Gouvea V, Gorziglia M, Flores J, Das BK,
Bhan MB: Identification of group A rotavirus gene 4 types by polymerase
chain reaction. J Clin Microbiol 1992, 30:1365-1373.

49. Iturriza-Gomara M, Green J, Brown DW, Desselberger U, Gray JJ: Diversity
within the VP4 gene of rotavirus P[8] strains: implications for reverse
transcription-PCR genotyping. J Clin Microbiol 2000, 38:898-901.

50. Iturriza Gomara M, Wong C, Blome S, Desselberger U, Gray J: Molecular
characterization of VP6 genes of human rotavirus isolates: correlationof
genogroups with subgroups and evidence of independent segregation.
J Virol 2002, 76:6596-6601.

51. Walker A: Breast milk as the gold standard for protective nutrients.
J Pediatr 2010, 156(2 Suppl):S3-7.

52. Haffejee IE, Moosa A, Windsor I: Circulating and breast-milk anti-rotaviral
antibodies and neonatal rotavirus infections: a maternal-neonatal study.
Ann Trop Paediatr 1990, 10:3-14.

53. Santos N, Hoshino Y: Global distribution of Rotavirus serotypes/
genotypes and its implication for the development and implementation
of an effective rotavirus vaccine. Rev Med Virol 2005, 15:29-56.

54. Centers for Disease Control and Prevention: Guideline for Hand Hygiene
in Health-Care Settings: Recommendations of the Healthcare Infection
Control Practices Advisory Committee and the HICPAC/SHEA/APIC/IDSA
Hand Hygiene Task Force. MMWR 2002, 51(No RR-16).

55. Siegel JD, Rhinehart E, Jackson M, Chiarello L, Health Care Infection Control
Practices Advisory Committee: 2007 Guideline for Isolation Precautions:
Preventing Transmission of Infectious Agents in Health Care Settings.
Am J Infect Control 2007, 35(10 Suppl 2):S65-164.

56. Sehulster LM, Chinn RYW, Arduino MJ, Carpenter J, Donlan R, Ashford D,
Besser R, Fields B, McNeil MM, Whitney C, Wong S, Juranek D, Cleveland J:
Guidelines for environmental infection control in health-care facilities.
Recommendations from CDC and the Healthcare Infection Control
Practices Advisory Committee (HICPAC). Chicago IL; American Society for
Healthcare Engineering/American Hospital Association 2004.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2334/10/235/prepub

doi:10.1186/1471-2334-10-235
Cite this article as: Festini et al.: Nosocomial Rotavirus Gastroenteritis in
pediatric patients: a multi-center prospective cohort study. BMC
Infectious Diseases 2010 10:235.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Festini et al. BMC Infectious Diseases 2010, 10:235
http://www.biomedcentral.com/1471-2334/10/235

Page 8 of 8

http://www.bancaditalia.it
http://www.ncbi.nlm.nih.gov/pubmed/2155916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2155916?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11574622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11574622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11574622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15494266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15494266?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16679056?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1320625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1320625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10655412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10655412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10655412?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050372?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050372?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12050372?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20105662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1694640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1694640?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15484186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15484186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15484186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18068815?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18068815?dopt=Abstract
http://www.biomedcentral.com/1471-2334/10/235/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design
	Data Analysis
	Genotyping

	Results
	Detection of NRVI
	Statistical analysis
	Cost analysis
	Typing of collected isolates

	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

