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Norovirus genogroup II excretion during an outbreak of gastroenteritis was investigated in an aged-care
facility. Viral shedding peaked in the acute stage of illness and continued for an average of 28.7 days. The viral
decay rate was 0.76 per day, which corresponds to a viral half-life of 2.5 days.

Gastroenteritis of norovirus (NoV) etiology is the most com-
mon cause of epidemic nonbacterial gastroenteritis worldwide
(1). NoV, a single-stranded, nonenveloped RNA virus, belongs
to the family Caliciviridae. There are five genogroups within
the Norovirus genus, and three are associated with human
gastroenteritis (NoV genogroup I [GI], GII, and GIV). NoV is
highly infectious, persists outside the host for long periods, and
is resistant to disinfectants (6). Therefore, NoV outbreaks of
gastroenteritis occur commonly in confined settings, including
aged-care facilities, cruise ships, prisons, and hospitals (2, 4,
9-11, 24). Outbreaks in nursing homes and aged-care facilities
account for between 27 and 80% of all NoV outbreaks and can
result in patient death (2, 9, 15). The need for a rapid and
definitive viral diagnosis is therefore imperative to provide a
prompt public health response.

Viral loads in stools of patients in the acute stage of NoV
infection have been measured using quantitative PCR assays
(5, 12, 13, 19, 20). Using this technique, studies have reported
median NoV GII viral loads in the range of 1.14 X 107 to
3.81 X 10® copies/g stool in patients with acute gastroenteritis
(5, 12, 19, 20). NoV shedding can continue for long periods in
the presence or absence of clinical symptoms (16, 21). Using
molecular detection methods, clinical studies have reported
the detection of NoV GII excretion in the stools for 10 days
(12), 12 days (18), 22 days (21), and 47 days (16) after the onset
of illness. In transplant and immunocompromised patients,
NoV infection can lead to chronic diarrhea and prolonged viral
excretion from 120 days to 2 years (7, 14, 17). However, all
these clinical reports failed to continuously document NoV
RNA detection until the cessation of viral excretion. Thus, a
definitive period of viral excretion for NoV has not been de-
termined, and consequently the period of infectivity is cur-
rently not clearly defined. In the current study we investigated
the duration of viral excretion and the viral load decay rate in
infected patients in an aged-care setting.
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Outbreak of gastroenteritis. In June 2003, an outbreak of
vomiting and diarrhea affecting 28 (56%) of 50 patients and 43
(57%) of 75 staff members occurred in two out of three wards
at an aged-care facility in New South Wales, Australia. The
total duration of the outbreak in which clinical symptoms were
present was 19 days. Stool specimens were collected every 3 to
7 days from 14 volunteers (six males and eight females) from
the onset of illness until the second consecutive NoV RNA-
negative specimen. Of the 14 volunteers (median, 85 years), 13
were patients (aged 63 to 93 years) and one was a staff member
(58 years old). A single etiological agent was identified, a
recombinant NoV strain termed NoV/Picton/2003/AU (GILb
RNA polymerase/GII.1 capsid, GenBank accession number
AY919139) as described in the work of Bull et al. (3). Products
derived from four separate individuals were sequenced. Sub-
sequent alignments revealed greater than 99 to 100% nucleo-
tide identity, confirming the idea that a common etiological
agent was responsible for the outbreak.

Symptoms in all 14 NoV GII RNA-positive volunteers were
closely documented until symptoms ceased (Fig. 1). Gastroin-
testinal symptoms lasted on average 2.6 days (range, 1 to 4
days; median, 3 days) and were characteristic of a NoV GII
infection (8, 16). Vomiting was the prominent symptom
(78.6% of patients), while diarrhea (71.4%), nausea (50.0%),
and abdominal cramps (35.7%) were the other common clin-
ical manifestations (Fig. 1).

Viral load measurements. To provide an insight into the
period of infectivity in elderly individuals with acute NoV gas-
troenteritis, the viral load and its decay over time were deter-
mined. NoV GII RNA was quantified in all 14 volunteers from
the onset of gastrointestinal illness until the second consecu-
tive NoV GII RNA-negative specimen (total samples quanti-
fied [n] = 92). A 20% (wt/vol) stool suspension was made by
weighing 0.2 g of stool and suspending it in a total volume of
1 ml water. Following centrifugation, viral RNA was extracted
as described in the work of Bull et al. (4). A highly conserved
region which included 55 bp at the 3" end of the polymerase
and 344 bp at the 5’ end of the capsid was targeted using
primers described in the work of Bull et al. (4). NoV GII RNA
was quantified by a real-time nested reverse transcriptase-PCR
using a Bio-Rad MyiQ Single-Color real-time PCR detection
system (Bio-Rad, CA) as described in the work of Tu et al.
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FIG. 1. Distribution of clinical symptoms from NoV GII RNA-
infected volunteers presenting with gastroenteritis. The most common
clinical symptom experienced among the volunteers was vomiting in 11
(78.6%) and diarrhea in 10 (71.4%) of 14 volunteers. The percentage
of volunteers presenting with each clinical symptom of gastroenteritis
is shown on top of the respective bar.

(23). Standards for quantification were derived from a 381-bp
first-round PCR product that was cloned into pCRII-TOPO
(Invitrogen), as described in the work of White et al. (25), and
was quantified by spectrophotometry.

A viral load was defined as the number of NoV GII RNA
copies per gram of stool (copies/g stool). The viral loads de-
tected in patients were highly variable. For viral loads mea-
sured between days 0 and 7, 8 and 14, 15 and 21, and 22 and 28
the standard deviation was used to measure variance and the
standard error of the mean (SEM) was used to measure the
precision of the results. The average viral load for days 0 to 7
was 1.07 X 10% = 3.29 X 10® copies/g stool (n = 12 specimens,
SEM of 9.51 X 107 copies/g stool). Consecutively, the average
viral load detected between days 8 and 14 was 1.32 X 10° =
4.07 X 10° copies/g stool (n = 10 specimens, SEM of 1.29 X
10° copies/g stool). For days 15 to 21 it was 1.20 X 10° = 2.00 X
10° copies/g stool (n = 14 specimens, SEM of 5.35 X 10*
copies/g stool), and for days 22 to 28 it was 4.02 X 10* + 8.43 X
10* copies/g stool (n = 14 specimens, SEM of 2.25 x 10*
copies/g stool). The detection limit of the NoV GII amplifica-
tion assay was 25 copies/reaction, equivalent to 8.93 X 10°
copies/g stool.

The duration of viral shedding was investigated in all 14
volunteers and determined as the midpoint between the last
NoV GII RNA-positive specimen and subsequent NoV GII
RNA-negative specimen (Fig. 2A). The period of viral excre-
tion was on average 28.7 days (median, 28.5 days), with a range
of 13.5 to 44.5 days (Fig. 2A). Thus, viral RNA was continually
detected in the postrecovery stage of gastrointestinal illness.
This is significant, as it was previously thought that following
the resolution of symptoms viral shedding ceases within 100 h
(22). It is difficult, however, to assess the infectivity of the
excreted virus at these late time points, as there are currently
no cell culture systems for human NoV. No correlation was
observed between the following: initial viral load (i.e., viral
load at ¢ = 0) and duration of symptomatic illness, initial viral
load and duration of NoV excretion, age and duration of symp-
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FIG. 2. (A) The percentages of volunteers positive for the detec-
tion of NoV GII RNA in stool specimens over time. The median
duration of viral excretion was 28.5 days (n = 14 volunteers, range of
13.5 to 44.5 days, mean of 28.7 days). The initial day of illness equaled
day 0. (B) Rate of viral decay in NoV GllI-infected volunteers. NoV
GII RNA was quantified in all 14 volunteers from the onset of gastro-
intestinal illness until the second consecutive negative NoV GII RNA
specimen. Assuming an exponential decay of viral load over time, the
following equation was determined: V' = V,10~%, where d is the viral
decay rate (day '), Vis NoV GII RNA copies/g at time ¢ (day), and V,
is the initial viral load. The rate of viral decay was obtained by fitting
the above equation on a logarithmic (log,) scale (¥ = 0.4236, P <
0.0001), with the assumption that a measured viral load of 0.00 copies/g
stool (defined as a cycle threshold value below the detection limit of
the assay) was equivalent to 1 copy/g stool. The viral decay rate in
NoV-infected individuals was 0.76 per day, which corresponds to a
half-life (¢,,,) of 2.5 days.

tomatic illness, age and initial viral load, and age and duration
of viral excretion.

To obtain the rate of viral decay, viral load measurements
were plotted against days after onset of illness for each volun-
teer (Fig. 2B). Assuming an exponential decay of viral load
over time, let V' = V,10"%, where d is the viral decay rate
(day %), Vis NoV GII RNA copies/g at time ¢ (day), and V/, is
the initial viral load. To estimate V|, and d from our data, we
fitted a line on a logarithmic (log,,) scale (* = 0.4236, P <
0.0001) (Fig. 2B), obtaining V, = 10>* and d = —0.12
(day™"). Thus, the viral decay rate was 0.76 per day, which
corresponds to a viral half-life (¢,,) of 2.5 days.

In conclusion, this study reports the duration and quantity of
NoV GII RNA excretion in human stools to provide a clearer
insight into the period of NoV infectivity in an aged-care set-
ting. In the presence of rapid viral decay, prolonged (~4
weeks) asymptomatic shedding of NoV was detected in the
elderly. Such data would be useful for risk assessment models,
implementing quarantine strategies, and preventing dissemi-
nation of the disease.
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