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ABSTRACT The emergence of new norovirus genotype GII.4 strains is associated
with widespread norovirus epidemics. Extended periods of viral shedding can con-
tribute to the epidemic potential of norovirus. To describe the duration of viral
shedding in infections with novel emerging GII.4 strains versus infections with previ-
ously circulating strains, we performed a prospective cohort study of patients hospi-
talized with norovirus gastroenteritis during separate winter seasons. Rectal swab
samples were obtained at the time of inclusion and weekly during follow-ups. The
subgenotype strain was determined from capsid sequences. The outcome was de-
fined by the detection of virus for �14 days (slow clearance) or by the detection of
negative samples within 14 days (rapid clearance). Two major epidemic GII.4 strains
emerged during the study period, GII.4 New Orleans 2009, in 2010, and GII.4 Sydney
2012, in 2012. From these two seasons, sequences were available from 24 cases
where the duration of shedding could be determined. The median age of the pa-
tients was 83 years and 50% were women. The majority of patients were infected
with virus that clustered with the respective season’s epidemic strain (n � 19),
whereas 5 patients had previously circulating strains (3 were Den Haag 2006b, in
2010, and 2 were New Orleans 2009, in 2012). Among the patients infected with an
epidemic strain, the proportion who shed virus for �14 days was significantly higher
(16/19 [84%] versus 1/5 [20%], P � 0.01). In summary, a slow clearance of norovirus
from stool was more common in infections with novel epidemic GII.4 strains. This
suggests that the average duration of shedding may be longer during seasons when
new GII.4 strains have emerged.
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Norovirus is the most common cause of viral gastroenteritis (1). Every two to four
years, a major new strain of norovirus genogroup II genotype 4 (GII.4) virus

emerges through antigenic drift (2). The emergence of strains with changes in key
antigenic sites is associated with more widespread norovirus epidemics (3).

After the resolution of gastroenteritis symptoms, virus can still be detected in stool
for a period ranging from 1 week to several months (4, 5). An effective adaptive
immune response appears critical for the clearance of norovirus from the gut (6, 7).
Although extended periods of viral shedding seem important for the epidemic poten-
tial of norovirus (8), the impacts of antigenic drift and infection with different strains on
viral clearance are not well described.

The objective of this study was to describe the duration of viral shedding following
infection with novel, epidemic norovirus GII.4 strains compared with those of previously
circulating strains in hospitalized patients with community-acquired norovirus gastro-
enteritis.

Received 16 January 2017 Returned for
modification 8 February 2017 Accepted 2
March 2017

Accepted manuscript posted online 8
March 2017

Citation Gustavsson L, Nordén R, Westin J,
Lindh M, Andersson L-M. 2017. Slow clearance
of norovirus following infection with emerging
variants of genotype GII.4 strains. J Clin
Microbiol 55:1533–1539. https://doi.org/
10.1128/JCM.00061-17.

Editor Yi-Wei Tang, Memorial Sloan-Kettering
Cancer Center

Copyright © 2017 American Society for
Microbiology. All Rights Reserved.

Address correspondence to Lars Gustavsson,
Lars.gustavsson@microbio.gu.se.

VIROLOGY

crossm

May 2017 Volume 55 Issue 5 jcm.asm.org 1533Journal of Clinical Microbiology

https://doi.org/10.1128/JCM.00061-17
https://doi.org/10.1128/JCM.00061-17
https://doi.org/10.1128/ASMCopyrightv1
mailto:Lars.gustavsson@microbio.gu.se
http://crossmark.crossref.org/dialog/?doi=10.1128/JCM.00061-17&domain=pdf&date_stamp=2017-3-8
http://jcm.asm.org


RESULTS

In this prospective cohort study of patients admitted with norovirus gastroenteritis,
we were able to determine the duration of shedding in 34 patients who met the
inclusion criteria, had a genogroup II infection, and had consented to participate in
the longitudinal follow-up study. Two major new GII.4 strains emerged and spread in
the area during the study period: GII.4 New Orleans 2009 (previously called GII.4-2010)
in 2010, and GII.4 Sydney 2012 in 2012. Patients enrolled during the 2011 to 2012
winter season (n � 4), when no new GII.4 strain emerged, were excluded. Of the 30
participants who were included during the two epidemic winter seasons (2010 to 2011
and 2012 to 2013), three were infected with non-GII.4 genotypes, and sequencing was
not possible in another three. Table 1 shows the characteristics of the 24 patients
ultimately included in the analysis. The phylogenetic relations of the obtained GII.4
sequences to reference strains is presented in Fig. 1. The majority of patients were
infected with a virus that clustered to the respective season’s epidemic strain (14
patients with GII.4 New Orleans 2009 in 2010 to 2011, and 5 patients with GII.4 Sydney
2012 in 2012 to 2013). Five patients had virus that clustered with previously
circulating strains (3 patients with GII.4 Den Haag 2006b in 2010 to 2011, and 2
patients with GII.4 New Orleans 2009 in 2012 to 2013).

Seven patients cleared the virus within 14 days, of whom five had negative samples
on day 7. Norovirus was detected for 14 days in 17 patients, and in 15 of those it was
detected for �21 days. The proportion of patients who shed virus for 14 days or more
was significantly higher among those infected with a novel epidemic strain (Fig. 2). In
a multivariate model that included age, comorbidity score, and GII.4 strain type,
infection with a novel strain remained significantly associated with shedding of �14
days in duration (P � 0.02).

The cycle threshold (CT) values of reactive RT-qPCRs give a semiquantitative esti-
mation of the amount of virus present in the sample. We were able to calculate the
increases in CT, or slope, during the first week of follow-up for three patients with
previously circulating strains who were still shedding virus on day 7 and for 15 patients
with epidemic strains who submitted a positive sample on day 7 (Fig. 3). The CT slope
during the first week was significantly steeper in patients with older strains compared
with that in patients with epidemic strains, with average CT increases of 9.6 versus 6.2
cycles, respectively (95% confidence interval [CI] for the difference, 0.2 to 6.6, P � 0.04).

DISCUSSION

In this longitudinal study of elderly patients, we found that infection with a novel
epidemic strain of norovirus GII.4 was associated with a higher risk of viral shedding
that lasted for more than 2 weeks.

Most published research on asymptomatic shedding in norovirus infections is based
on outbreak investigations or experimental settings (5, 9, 10). Data from outbreak

TABLE 1 Characteristics of participating patients, gastroenteritis symptoms, and PCR
resultsa

Characteristic
All patients
(n � 24)

Patients with infection caused by:

P value
Previously circulating
GII.4 strain (n � 5)

Epidemic GII.4
strain (n � 19)

Age (years) 83 (66–86) 83 (57–86) 81 (64–87) �0.3b

Women 12 (50) 2 (40) 10 (53) �0.3c

Charlson score (comorbidity) 1 (0–1) 0 (0–3) 1 (0–1) �0.3b

Vesikari score (symptom severity) 11 (9–13) 11 (9–13) 11 (8–13) �0.3b

Disease duration (days) 4 (2–5) 3 (2–6) 4 (2–5) �0.3b

Fever 6 (25) 1 (20) 5 (26) �0.3c

CRPd (mg/L) 20 (7–28) 10 (6–111) 24 (7–28) �0.3b

qPCR cycle threshold, on admission 21 (19–24) 24 (19–27) 20 (19–24) 0.19b

aValues are median (interquartile range) or n (%).
bMann-Whitney U test.
cFisher’s exact test.
dCRP, C-reactive protein.
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investigations, where all cases are caused by a single subtype strain, restrict the analysis
to host factors. By contrast, we studied community-acquired infections in hospitalized
patients over the course of separate norovirus seasons, during which new epidemic
GII.4 strains emerged. This enabled a comparison, in a homogenous group of subjects,
between infections caused by established and novel GII.4 strains. As expected,
viruses related to the epidemic strains for each season caused the majority of infections.
The emerging GII.4 strain effectively replaced the strain that previously dominated
across Europe during both seasons (11, 12). Interestingly, rapid clearance was common
among patients infected with previously circulating strains. An infection with a novel
epidemic strain, on the other hand, was associated with a longer duration of shedding.
A possible explanation is the lack of preexisting immunity to a novel strain that
emerges through antigenic drift. An efficient specific immune response is required for
the clearance of norovirus (6, 7), and there is limited cross-reactivity between epidemic

FIG 1 Phylogenetic tree of norovirus GII.4 polymerase-N/S capsid coding region sequences from samples
obtained at the time of enrollment in the study. The analysis was performed with 1,000 bootstrap
replicates. Scale bar represents the number of substitutions per site. Samples are denoted by number,
season, and viral clearance time: green, norovirus cleared in �14 days (rapid); red, norovirus detected for
�14 days (slow).
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GII.4 strains (13). A partial nonprotective immunity, derived from previous exposure,
may affect the duration of shedding in infections with previously circulating nonepi-
demic subtypes. This hypothesis is supported by the observation that there were fewer
participants with a longer duration of shedding among infected vaccine recipients than
among placebo recipients in a comprehensive trial of a norovirus GII.4 vaccine (14).
Moreover, in a recently published study of a cohort comparable to ours, infections with
older GII.4 strains displayed lower viral loads than infections with strains that emerged
during the study period (15). A similar trend, with lower cycle threshold values for the
novel strain infections, was noted in our study. However, high initial viral load is not
necessarily related to a longer duration of shedding (9). We were also able to relate the
time of infection to the emergence of the infecting GII.4 strain in more detail. This
enabled us to distinguish infections with emerging strains during an epidemic situation
from infections with the same subtype strain in the setting of annually recurring
norovirus GII.4 activity.

An alternative explanation for variations in the duration of shedding is that different
norovirus strains elicit various immune responses, which has been shown for murine
norovirus (16). It is possibly that innate immunity plays a prominent role for the viral

FIG 2 Proportion of patients with virus detected in rectal swab samples during follow-up after norovirus GII.4
infection. All patients were admitted with community-onset gastroenteritis, and norovirus was diagnosed
with real-time PCR. Epidemic strain (empty bars) denotes patients with infections caused by a novel emerging
GII.4 strain (GII.4 New Orleans 2009 in 2010 to 2011 and GII.4 Sydney 2012 in 2012 to 2013). Previously
circulating strain (black bars) denotes patients with infections caused by an older GII.4 strain (GII.4 den Haag
2006b in 2010 to 2011 and GII.4 New Orleans 2009 in 2012 to 2013).

FIG 3 Cycle threshold (CT) values from rectal swab samples on enrollment and on day 7 of the study. The
left panel shows the results of samples from patients infected with an epidemic norovirus GII.4 strain and
the right panel shows the results from patients infected with a previously circulating GII.4 strain. Patients
who did not provide positive samples on day 7 were not included in this analysis. The scales on the y
axes are inverted to illustrate that lower CT values represent larger amounts of virus. The slope during the
first week was steeper for previously circulating strains than for epidemic strains; the mean CT value
increase was 3.4 (95% CI, 0.2 to 6.6) cycles larger, indicating that the virus decline was approximately 1
log10 greater for previously circulating strains.
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clearance of specific strains (17). The virulence of novel subtype strains may also be
gradually impaired over time, leading to lower peak viral titers and shorter durations of
asymptomatic shedding. Attenuating single-amino-acid substitutions, located in the
variable P2 domain of the capsid, have been described in murine norovirus (18).
However, the variations in human GII.4 strains are located in a region of importance to
the blocking ability of antibodies, which suggests that evasion of specific immunity is
an important driving force for GII.4 evolution (19, 20).

Previous longitudinal studies of norovirus outbreaks have reported estimates of
between 14 and 28 days for the median duration of shedding, with longer durations
typically occurring among elderly patients (21, 22). In accordance with these findings,
we found that over two-thirds of patients shed virus for more than 2 weeks, and over
60% shed virus for more than 3 weeks. We did not detect any significant associations
between the duration of clearance and clinical variables, although additional weaker
associations may be overlooked due to the limited sample size. Infection with a novel
GII.4 strain remained independently associated with a slow clearance after adjusting for
potential confounders (age and comorbidity score). The size of the study cohort was
limited and the study period comprised few epidemic norovirus seasons. Regression
models should be interpreted cautiously when few observations are included, and this
finding needs to be further analyzed in a larger cohort over a longer period. The
multivariate analysis in this study still supports the assumption that no major con-
founding factor explains the findings.

In this study, we used rectal swab samples instead of stool samples. Although previous
studies have reported that rectal swabs contain approximately one log10, or 10 times,
less virus than stool samples, swab samples are reliable for the detection of norovirus
(23, 24). We did not quantify the fecal viral load in this study, but the cycle threshold
(CT) values of reactive samples give a semiquantitative estimation of the amount of
virus present. A large amount of virus gives a low CT value and, conversely, small
amounts give high CT values. During the first week of follow-up, CT values increased
more among patients infected with a previously circulating strain, which corresponds to a
larger decrease in viral load. This observation supports the hypothesis that viral clearance
was more effective in this group. The mean weekly CT increases of over 6 and 9 cycles
indicate more rapid viral clearance than was previously reported (4, 9, 22). However, our
models were based on limited sample sizes and should be interpreted cautiously. More-
over, in addition to viral load, crude cycle threshold values are dependent on the amount
of fecal material in the sample and the efficiency of individual PCR runs. Rectal swab
samples may thus lead to either over- or underestimation of the viral decay rate. Optimally,
defined volumes from standardized whole stool samples obtained daily, analyzed together
with internal standards of known concentrations, should be used for studies of norovirus
shedding dynamics. Such an approach was beyond the scope of our study. Since the
endpoint categories (rapid versus slow clearance) were broad and there were no differ-
ences in how samples were obtained between groups or over time, we regard the risk that
the use of rectal swab samples affected the overall results as low.

We were not able to measure the infectivity of positive samples, and the risk of
further spread associated with a long duration of virus shedding is unclear. The recently
described culture systems for norovirus give possibilities for addressing this question in
future studies (25, 26). We also lacked information on patients’ histories of previous
episodes of gastroenteritis illness and norovirus infections before their inclusion in the
study. We did not have access to strain-specific serology or other methods used to
describe or quantify the status of norovirus immunity among the participants. The most
important limitation of this study is that few patients were infected with older previ-
ously circulating strains. The limited size of the study groups makes the outcome
sensitive to random variation. Still, the results were statistically significant in a univar-
iate analysis as well as in a tentative multivariate model. In our opinion, the original
study design and findings are relevant if careful judgment is exercised when interpret-
ing the data.

In conclusion, we found that a long duration of norovirus GII.4 shedding appears to
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be more common in infections with novel epidemic strains than in infections with
previously circulating strains. These exploratory findings need to be confirmed in larger
cohorts, preferably also including markers of general and strain-specific immunity, to
clarify the relationships between emerging norovirus strains, preexisting immunity, and
the duration of shedding.

MATERIALS AND METHODS
We performed a prospective cohort study at a 2,000-bed teaching hospital in Western Sweden during

three consecutive winter seasons (2010 to 2011, 2011 to 2012, and 2012 to 2013). Adult patients who
were admitted to the department of infectious diseases with gastroenteritis symptoms were screened for
inclusion in the study. The inclusion criteria were an age of �18 years and with vomiting �2 times/24
h and/or �3 loose stools/24 h for �5 days. Patients with immunosuppressive treatment, with concurrent
bacterial enteric infection, or who did not have gastroenteritis were excluded. Age, sex, the dates of the
first symptom and symptom resolution, the dates of admission and discharge, gastroenteritis symptoms
summarized as Vesikari scores (27), and Charlson comorbidity index scores (28) were recorded. Rectal
swab samples were obtained at enrollment and on follow-up days 7, 14, and 21 to 28. Samples were
collected in a standardized manner with a flocked swab (Copan Italia Spa, Brescia, Italy) and stored at
�80°C. Rectal swab samples for bacterial culture were obtained at the time of admission in accordance
with the clinical routine.

We used an in-house real-time reverse transcriptase PCR (RT-qPCR) procedure for the detection of
norovirus genogroup II, as described previously (29). For sequencing, RT-qPCR-positive samples were
amplified using a seminested reverse transcription-PCR of the polymerase-N/S capsid coding region as
described previously (30) with minor modifications using the primers listed in Table 2. The resulting
chromatograms were visually inspected and contigs were prepared. Sequences were aligned with
reference sequences from GenBank using the MacVector software (MacVector, Inc., Cambridge, UK). The
accession numbers for reference strains were: X76716 (Bristol 1993), AY502023 (Farmington Hills 2002),
DQ078814 (Hunter 2004), EF126965 (Den Haag 2006b), AB434770 (Osaka 2007), KM245072 (Apeldoorn
2007), GU445325 (New Orleans 2009), and KJ196296 (Sydney 2012). The phylogenetic analysis was
performed with MEGA 5 software (31) to construct distance matrix trees after bootstrapping to 1,000
replicates.

For univariate comparisons, we used the Mann-Whitney U test for continuous variables and Fisher’s
exact test for proportions, with P values (two-tailed) of � 0.05 considered significant. Cycle threshold
value slopes were compared with Welch’s t test. Multivariate analysis was performed with one-step
logistic regression, with likely confounders included a priori as covariables. All calculations were made
with SPSS Statistics 22 software (IBM Corp., Armonk, NY).

The study was approved by the regional ethical review board in Gothenburg, Sweden (Dnr 136-10).
Written informed consent was obtained from all enrolled patients.
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TABLE 2 List of primers used for RT-qPCR and sequencing

Primer Polarity Oligonucleotide sequence (5= to 3=) Reference

RT-qPCR
GIIFP � TGGAYTTTTAYGTGCCCAG Nenonen et al. (32)
GIIRP � CGACGCCATCTTCATTCAC Nenonen et al. (32)
GIIprobe � AGCCAGATTGCGATCGCCC Nenonen et al. (32)

Sequencing
JV12Y � ATACCACTATGATGCAGAYTA Vennema et al. (33)
G2SKR � CCRCCNGCATRHCCRTTRTACATa Kojima et al. (34)
COG2F � CARGARBCNATGTTYAGRTGGATGAG Yan et al. (35)
GII_Fou � AGCCAATGTTCAGATGGATGAG
GII_Fin2 � TTTGTGAATGAAGATGGCGTC
GII.4_Rin � CCCGTTCCATTTCCCATGG
GII.4_R � CAGCAAAGAAAGCTCCAGCCAT
Caps2ndpart_F � CACGACTGATGGCGTGCT
Caps1stpart_R � CTGAAGGTGCAGATGTTGACA

aR � G or A.
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