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The aims of this study were to examine the extent of gastroenteric virus contamination in a pediatric primary
immunodeficiency (PPI) ward and a general pediatric ward over a winter season and to determine whether
changes to hospital infection control interventions would have an impact on environmental contamination
levels within pediatric units. Environmental swabs were collected weekly from 11 sites in both wards from 15
December 2005 to 3 March 2006 and examined for the presence of norovirus (NoV), astrovirus, and rotavirus
(RV) by reverse transcriptase PCR. Viruses were detected in 17% and 19% of swabs from both wards. Virus
contamination for NoV and RV decreased from 20% to 6% and 15% to 10% of swabs, respectively, in the PPI
ward from the 2004 study by Gallimore et al. (C. I. Gallimore, C. Taylor, A. R. Gennery, A. J. Cant, A. Galloway,
M. Iturriza-Gomara, and J. J. Gray, J. Clin. Microbiol. 44:395–399, 2006). Overall, changes to cleaning
protocols were deemed to have reduced the level of environmental contamination with gastroenteric viruses,
but contamination still occurred due to a breakdown in infection control procedures indicated by contamina-
tion in areas frequented by parents but used only occasionally by staff.

Viral gastroenteritis in children is usually caused by rotavi-
ruses (RVs), noroviruses (NoVs), sapoviruses (SaVs), astrovi-
ruses (AstVs), and enteric adenoviruses (AdVs). RVs are the
leading cause of gastroenteritis in children under 5 years of age
worldwide (14). With the introduction of improved detection
assays, the roles of NoVs and SaVs are becoming more appar-
ent (12). These viruses are frequently associated with diarrhea
and vomiting in children under 5 years of age, and sporadic
cases of viral gastroenteritis in hospitalized children (2, 10, 11,
18) and children attending day care centers (15) have been
reported. NoVs are a major cause of outbreaks of gastroen-
teritis in adults in semiclosed institutions, including hospitals
(3) and nursing/retirement homes (7).

Transmission of gastroenteric viruses is usually through person-
to-person spread by the fecal-oral route. Environmental transmis-
sion of NoVs, RVs, and AstVs (4–6) in hospitals has been re-
ported and involves contaminated work surfaces, floors, medical
equipment, light switches, taps, door handles, and television/game
consoles.

The prevalence of RV on high-risk fomites in day care fa-
cilities and RV environmental contamination in a pediatric
unit have been reported (17). AstV environmental contamina-
tion in hospitals has not been widely reported (5), although
several groups have examined the prevalence of AstV in hos-
pitalized children with acute gastroenteritis and children at-
tending day care centers (15, 16). The extent of environmental
contamination with multiple gastroenteric viruses in hospital

wards and the effect they have on patient morbidity are difficult
to determine.

This study was undertaken after a previous study examining
environmental contamination with NoVs, AstVs, and RVs in a
pediatric primary immunodeficiency unit (PPIU) over a 6-month
period in 2004 (4). The same gastroenteric viruses were tested
for in the present study, but environmental swabs were col-
lected from the PPIU (ward 23) and a general pediatric ward
(ward 24) during the winter of 2005/2006 to determine whether
hospital infection control interventions would have an impact
on environmental contamination levels within pediatric units.
There was no evidence of gastroenteritis in patients in the unit
during this study.

Environmental swabs were collected weekly from 11 similar,
but not identical, sites in both wards (identical swabs could not
be taken, as the ward layouts were different) from 15 Decem-
ber 2005 to 3 March 2006 (Tables 1 and 2). Detection of NoV,
AstV, and RV was performed using previously published pro-
tocols (4). Briefly, nucleic acid was extracted from swabs using
a guanidinium isothiocyanate-silica procedure, and then the
nucleic acid was converted to cDNA using random primers.
Specific nested and heminested PCR assays for genogroup II
(GII) NoV strains, AstVs (genotypes 1 to 8), and group A RVs
were performed on cDNA (4). Primer sets GIIFB1, GIIFB2,
GIIFB3/GIISKR (9), and GIIFBN/GIISKR (1) were used to
detect NoVs, primer pairs Mon269/Mon270 (13) and Mon269N/
Mon270 (5) were used to detect AstVs, and primer pairs VP6-
F/VP6-R (8) and VP6NF/VP6NR (4) were used to detect
group A RVs. Genotyping for group A RV was not performed.
PCR machine conditions were as previously stated (4). Stan-
dard control measures and unidirectional work flow were used
for all nested PCRs with the second-round PCR setup per-
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formed in a PCR workstation with UV decontamination (4).
Water controls were used in each assay as negative controls.
No fecal specimens were collected for PCR during this study.

Changes were introduced in the cleaning regimen for pa-

tients’ rooms in ward 23. Traditionally, nursing staff damp
dusted the patient area and washed the floor in each room with
the support and assistance of the child’s carers. Disposable
detergent wipes (Cutan; DEB Ltd., Belper, United Kingdom)

TABLE 1. Combined enteric virus PCR results on environmental swabs for NoV, AstV, and RV detected in a pediatric primary
immunodeficiency ward (ward 23)

Environmental
swab site

Combined enteric virus PCR result for swab batch collected on the indicated date (day/mo/yr)a

A
(15/12/05)

B
(22/12/05)

C
(30/12/05)

D
(6/1/06)

E
(13/1/06)

F
(18/1/06)

G
(27/1/06)

H
(3/2/06)

I
(7/2/06)

J
(17/2/06)

K
(24/2/06)

L
(3/3/06)

Staff telephoneb � � � � � �e � �f � � �
Room 4 outside

flow switchb,h
� � � � � � � �f � � � �

Room 3 outside
flow switchb,h

� � � � � � �f � � �d � �

Parent’s room
handlec

� � � � � � � � � � � �

Parent’s televisionc � � � � � � �f �f �f �d � �
Parent’s mobile

telephonec
�d � � � � � � � � �d � �

Parent’s toilet door
handlec

� � � � � � �f � � � � �

Parent’s toilet tapc � � � � � � �f �f �f � � �
Staff toilet tapb � � � � � � � �f � � � �
Staff toilet light

switchb
� � � � � � � � � �d � �

Microwave ovenc � � � � � � �f �f,g � �d � �

a Combined enteric virus PCR result for NoV, AstV, and RV on environmental swabs for batchs A to L. Symbols: �, negative; �, positive.
b Environmental swab site frequented by staff.
c Environmental swab site frequented by parents.
d NoV GII-4 detected.
e NoV GII-1 detected.
f RV detected.
g Positive result in single-round PCR.
h Flow switch refers to an outside laminar flow curtain syringe pump switch.

TABLE 2. Combined enteric virus PCR results on environmental swabs for NoV, AstV, and RV detected in a general pediatric ward (ward 24)

Environmental
swab site

Combined enteric virus PCR result for swab batch collected on the indicated date (day/mo/yr)a

A
(15/12/05)

B
(22/12/05)

C
(30/12/05)

D
(6/1/06)

E
(13/1/06)

F
(18/1/06)

G
(27/1/06)

H
(3/2/06)

I
(7/2/06)

J
(17/2/06)

K
(24/2/06)

L
(3/3/06)

Staff telephoneb � � � � � � � � � � � �
Room 2 light

switchb
�d �f � � � � � �f,h �e �f,h � �

Treatment room
tapb

� � � � � � � �f �f �i � �

Parent’s room door
handlec

� � � � �f � � � � �e � �

Parent’s room
televisionc

� � � � � � � � � � � �

Public telephonec � �g,h � � � � � �f � � �e �
Parent’s toilet door

handlec
� � � � � � � �f � � � �

Parent’s toilet tapc � � � � � � � �f � � � �
Staff toilet tapb �d � � � � � �f �f � � � �
Staff toilet light

switchb
�e � � � � � � �f �f � � �

Microwave ovenc � � � � � � �f � �f � � �

a Combined enteric virus PCR result for NoV, AstV, and RV on environmental swabs for batchs A to L. Symbols: �, negative; �, positive.
b Environmental swab site frequented by staff.
c Environmental swab site frequented by parents.
d AstV-2 detected.
e NoV GII-4 detected.
f RV detected.
g AstV-1 detected.
h Positive result in single-round PCR.
i NoV GII-7 detected.
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were used. The floor mop was used in the patient’s area (within
the laminar flow curtain) and then in the remainder of the
patient’s room. Ancillary staff washed surfaces outside the pa-
tient’s area and mopped the floor twice daily with detergent
(Youngs Hospec; The Darcy Group, Warrington, United King-
dom) using washable mops.

This was changed to allow ancillary staff access to the pa-
tient’s area for the first time (due to restrictions of access). The
floor was cleaned daily, the surfaces inside and outside the
patient’s area were cleaned twice daily using microfiber cloths
(Ecolab, Swindon, United Kingdom), and glass screens and
windows were cleaned weekly. All equipment within ward 23
(infusion pumps, etc.) were cleaned daily by the health care
assistants, and a sign off list of tasks was placed in each room
to indicate who cleaned what.

Viruses were detected by PCR in 20/121 (17%) and 23/121
(19%) of environmental swabs taken from wards 23 and 24
during the course of this study, respectively. In ward 23, NoV
GII genotype 4 (GII-4) was detected in 6/121 (5%) swabs, NoV
GII-1 was detected in only 1 swab, and RV was detected in
13/121 swabs (10%). No AstVs were detected in ward 23.
Similarly, in ward 24, NoV GII-4 was detected in 4/121 (3%)
swabs, NoV GII-7 was found in only 1 swab, RV was detected
in 15/121 swabs (12%), AstV genotype 1 (AstV-1) was found in
only one swab, and AstV-2 was detected in two swabs. In four
swabs, enteric viruses (one RV from ward 23 and two RVs and
one AstV-1 from ward 24) were detected by single-round PCR.
No enteric viruses were detected in swabs taken from ward 23
between 22 December 2005 and 13 January 2006 and between
24 February 2006 and 3 March 2006; similarly, in ward 24, no
enteric viruses were detected in swabs taken between 30 De-
cember 2005 and in swabs taken 6 January 2006, 18 January
2006, and 3 March 2006 (Tables 1 and 2). In ward 23, the most
contaminated swabs were taken 27 January 2006 and 3 Febru-
ary 2006, with five and six swabs in which RV was detected,
respectively, and 17 February 2006, with five NoV GII-4-pos-
itive swabs. Similarly, in ward 24, seven swabs collected 3
February 2006 were positive for RV, and four swabs collected
7 February 2006 were positive for RV.

The only environmental swabbing site in ward 23 not to have
enteric virus detected during the study was the parent’s room
door handle, whereas in ward 24, the staff telephone and the
parent’s room television were the only negative sites. Interest-
ingly, the swab sites that were most frequently contaminated in
ward 23 were the parent’s room television, parent’s toilet tap,
and microwave, and in ward 24, they were room 2 light switch,
treatment room taps, and the public telephone, all of which
had three or four positive swabs. The public telephone in ward
24 had NoV GII-4, RV, and AstV-1 detected on at least one
occasion; all other swab sites that had positive results had only
one or two enteric viruses detected.

NoV GII-4 v3 (variant 3) strains were genotyped from
swabs; there were different strains of these viruses based on the
gene encoding the S-domain sequencing. When these three
subtypes were compared to outbreak strains cocirculating in
the United Kingdom, only one strain found on swabs JN3, JN5,
JN6, JN10, JN11, and KN17 was seen commonly in outbreaks
throughout the United Kingdom. Comparisons between ward
23, the PPIU, from the previous published study (4) and in this
study show a reduction in the level of NoV environmental

contamination from 20% to 6% for the sampling period March
2004 to October 2004 (4) and December 2005 to March 2006
(this study), respectively. There was also a reduction in RV
contamination from 15% to 10%. No comparable data for
ward 24 were available for the 2004 study.

It was noted in this study that ward 23 had a peak of envi-
ronmental contamination from 27 January 2006 to 17 February
2006, with 41% of swabbing samples positive for one of the
three enteric viruses; 90% of the ward 23 positive results were
within this period. During the same period, ward 24 also had its
peak of enteric virus environmental contamination, with 36%
of swabs positive; however, only 70% of all the positive swabs
were detected during this time. In both wards during this
peak that lasted 3 weeks, 26/34 (76%) of the swabs were
positive for RV.

Seven environmental swab sites out of 20 (35%) positive for
enteric viruses were frequented by staff, whereas in those sites
more likely to be frequented by parents, virus was found in
13/20 swab sites (65%) (Table 1).

Overall, it was shown that environmental sites contaminated
with NoV were often associated with parents trafficking
throughout the unit, which may indicate that hand washing was
not performed. In contrast, there was a reduction in NoV at
environmental sites frequented mainly by staff, suggesting that
contamination by staff had been reduced through the introduc-
tion of improved hygiene measures since the first study. Ward
staff had the impression that some parents were more diligent
in washing their hands when visiting their own children, as they
wanted to protect them from infection, but they were less
rigorous about washing their hands when leaving their chil-
dren, as they could see no direct benefit. Although the two
surveys were conducted at different times of the year, the
reduction in environmental contamination appears significant,
as this reduction was seen during a period of high incidence of
gastroenteritis in the community.

Nucleotide sequence accession numbers. GenBank acces-
sion numbers are EU735553 for NoV GII-7 strain JN14/
2006/UK (ward 24 treatment room taps), EU735554 for GII-1
strain FN1/2006/UK (ward 23 staff phone), EU735555 for
GII-4 strain JN3/2006/UK (ward 23, room 3, outside flow
switch), EU735556 for GII-4 strain JN15/2006/UK (ward 24,
parent’s room door handle), and EU735557 for GII-4 strain
AN6/2005/UK (parent’s mobile phone). These strains are rep-
resentatives of the diversity of NoV strains genotyped in this
study.

We thank Lesley Wilson and Angela Reed, Infection Control Nurses
in Newcastle upon Tyne Hospitals NHS Foundation Trust for carrying
out the environmental swabbing.
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