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Norovirus infection accounts for over 90% of all viral 
gastroenteritis cases and approximately 50% of all 
global outbreaks [1]. It is estimated that norovirus 
infects over 267 million people and may cause 200,000 
deaths per year [2]. In the young, elderly, and immuno-
compromised, the disease may be life threatening due 
to dehydration but is rarely the sole cause of death [3]. 
Cases of norovirus may be sporadic or part of outbreaks 
in closed communal facilities, such as nursing homes, 
hospitals, creches and cruise ships [4]. According to the 
Health Protection Surveillance Centre (HPSC), annual 
norovirus infection rates in Ireland are estimated to 
be between 1 and 5% of the population [5]. In 2012, 
there were between 1000 and 1800 notified cases of 
norovirus and approximately 200 norovirus outbreak 
notifications in Ireland [6].

Noroviruses are single-stranded RNA, non-envel-
oped viruses of the genus Norovirus, family Caliciviridae, 
which cause acute gastroenteritis in humans and other 
mammals [7]. Noroviruses can be classified into five 
different genogroups of which genogroup I (GI) and 
genogroup II (GII) cause the majority of the infections 
in humans [8]. Since 2002, a single genogroup, GII.4 has 
been the dominant norovirus strain detected globally 
and in Ireland [9]. Norovirus transmits via the faecal–oral 
route, via aerosolisation of viral particles in vomitus [4] 
and contamination of food and water [10]. Outbreaks 
of norovirus cause significant health and cost impli-
cations and can be difficult to control [11]. A study in 
Avon, England, postulated that due to lost bed-days 
and staff absence, the cost impact of norovirus upon 
the hospital was estimated to be £635,000 per 1000 
beds [12]. Extrapolating this data showed that gastro-
intestinal outbreaks involving norovirus were likely to 
cost the English NHS £115 million from April 2002 to 
March 2003 [12]. The rapid identification of norovirus 
has important implications in infection prevention and 

control measures and may reduce the need for addi-
tional diagnostic testing [13].

Faeces is the specimen of choice for norovirus testing 
because the yield of the virus is higher than in other 
specimens such as vomitus [13]. Electron microscopy 
was the original diagnostic method used to visualise 
norovirus in faecal samples directly but has poor 
sensitivity (~17%) [13]. Commercially available rapid 
immunochromatographic assays (RIA) have proven to 
be useful during norovirus outbreak situations but due 
to low assay sensitivity, RIA’s are helpful only when the 
prevalence of norovirus infection is high [1]. Currently, 
available RIA’s are known to have low sensitivity  
(17–83%) and moderate to excellent specificity 
(87–100%) [1,14]. Real-time reverse transcription-
polymerase chain reaction (RT-PCR) is the gold standard 
for the definitive detection and typing of norovirus 
[1]. Numerous real-time norovirus RT-PCR assays, both 
in-house and commercial have been developed over 
the years to detect norovirus in faeces [1,15]. The Xpert 
Norovirus assay is an automated, qualitative real-time 
multiplex RT-PCR assay performed on the Cepheid 
GeneXpert platform. The assay uses primers and probes 
to detect and amplify unique gene sequences within 
a conserved region of the norovirus genome allowing 
the identification and genogroup differentiation of 
norovirus G1 and GII from raw or unpreserved unformed 
stool specimens.

In this study, the laboratory performance character-
istics of Xpert Norovirus assay were evaluated against a 
molecular reference method, supplied by the National 
Virus Reference Laboratory (NVRL) in Dublin, Ireland. 
Additionally, the Xpert Norovirus assay was compared 
against the CerTest Norovirus assay, a qualitative 
immune-chromatographic assay responsible for the 
simultaneous detection of Norovirus GI and GII in faecal 
specimens.
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of 15 s 95 and 30 s 56 °C. Amplification data was collected 
and analysed with Sequence Detection Software version 
2.3 (Applied Biosystems).

The CerTest Norovirus GI + GII assay was performed 
as per manufacturer’s instructions. 125 mg of stool spec-
imen (or 125 μl for liquid stool specimens) was trans-
ferred to a stool collection tube and mixed thoroughly. 
An appropriate amount of sample was then applied to 
the CerTest Norovirus card. Results were read after 10 min 
and interpreted using manufacturer instructions. Invalid 
results were repeated.

The 104 faecal specimens were each tested for 
Norovirus by the Xpert Norovirus, NVRL Reference PCR 
and CerTest Norovirus assays. The norovirus status was 
defined by the results from the NVRL assay. The panel 
consisted of eight norovirus GI, 41 norovirus GII and 55 
negative samples for norovirus RNA. Of the 104 speci-
mens tested, there was an Xpert Norovirus internal qual-
ity control (IQC) invalid rate of 2.9% (3/104) of samples 
on initial testing. All three initial invalid results subse-
quently passed IQC when repeated resulting in a valid 
assay result. The CerTest Norovirus and NVRL Reference 
PCR assays had no IQC invalid/failures for all 104 speci-
mens tested (0/104). Table 1 shows assay performance 
(sensitivity, specificity, PPV and NPV) of Xpert Norovirus 
and CerTest Norovirus.

Molecular genetic testing for norovirus infection plays 
a significant role in patient management and can reduce 
healthcare-associated costs in outbreak situations by 
providing accurate and timely results [11]. Rapid detec-
tion of norovirus allows health care providers to limit the 
use of unnecessary antimicrobial agents, assign isolation 
resources more efficiently and potentially decrease the 
length of stay in a hospital setting [11]. Xpert Norovirus 
displayed excellent performance characteristics when 
compared to NVRL’s RT-PCR reference method for all 
samples tested (Table 1). Two recent studies [15,18] 
evaluated Xpert Norovirus using a laboratory-devel-
oped RT-PCR as a reference method. Data from both 
studies were compared well with data from this study. 
Rovida et al. reported similar performance character-
istics to those shown in this study by having a 95.4% 
correlation with the reference method. Gonzalez et al. 
reported Negative predictive value (NPV) and Positive 
predictive value (PPV) of 75 and 100% for norovirus GI 
and 99.9 and 86.5% for norovirus GII, respectively. No 
study has reported a direct method comparison of Xpert 
Norovirus with other commercially available molecular 
assays. However, a FilmArray GI Panel evaluation using an 
RT-PCR reference method to detect norovirus in faeces 
reported sensitivity and specificity of 94.5 and 98.8%, 
respectively [19]. These values are similar to those shown 
by Xpert Norovirus in this study. Invalid results obtained 
in this study were likely the cause of operator error 
whereby an excess or deficit of sample was applied to a 
sterile swab during sample preparation. In MRHT, the risk 

The study tested both fresh (collected from September 
2014 to January 2015) and frozen faecal specimens (col-
lected from October 2013 to November 2014). Faecal 
samples for this study were obtained from the Midland 
Regional Hospital Tullamore (MRHT) and the NVRL. 
Samples from both sites were anonymised before testing 
began. The sample size was chosen on the basis of the 
associated confidence interval. With a low expectation 
of failure rates, a sample of 100 and an observed failure 
rate of zero, the 97.5% upper Poisson confidence interval 
is 3.5%. With a failure rate as high as 5%, the confidence 
interval is 1.6 to 11.2%, a width of roughly ±5% around 
the estimate, which was deemed an acceptable margin 
of error in the estimation. The 104 faecal specimens used 
in the study originated from patients in hospitals and 
nursing homes that presented with acute gastroenteritis. 
Of the 104 stool samples, 80 frozen stool specimens were 
obtained from the NVRL. These specimens were previ-
ously tested fresh by the NVRL’s reference PCR method 
and subsequently frozen. All frozen samples obtained 
from the NVRL by MRHT were frozen on receipt and later 
kept at –80 °C until testing. The remaining 24 fresh fae-
cal specimens originated from MRHT and were tested 
by Xpert Norovirus (Cepheid, Sunnyvale, CA, USA) and 
CerTest Norovirus (CerTest, Biotec, Spain) within 24 h of 
collection. Simultaneously, an aliquot (>1 g or 1 ml) from 
each fresh faecal specimen was immediately sent to the 
NVRL at a temperature of 2–8 °C. Fresh faecal specimens 
sent to the NVRL were tested by NVRL’s reference PCR 
assay within 24 h of dispatch from MRHT.

The Xpert Norovirus assay was performed as per 
manufacturer’s instructions. Referring to manufacturer 
diagrammatic specifications an appropriate amount of 
stool specimen was transferred to a sample reagent bot-
tle (containing lysis buffer solution) using a sterile swab. 
The inoculated reagent bottle was vortexed at 3000 rpm 
for 10 s. The solution was then transferred into the sam-
ple port of the Xpert Norovirus cartridge using a sterile 
pipette and loaded onto the GeneXpert DX system. The 
test was repeated if the result was ‘invalid’, ‘error’, or ‘no 
result’.

Upon receipt into the NVRL, approximately 20% w/v 
of the faecal sample was suspended in 400 μl S.T.A.R 
buffer (Roche) The samples were externally lysed and 
extracted by a Roche MagNAPure 96 as per manufacturer 
protocol. Eluates were tested on an internally controlled 
multiplex one-step real-time RT-PCR for norovirus detec-
tion and genotyping as previously described [16] with 
modification of internal control [17]. Eluates were tested 
in a 25 μl reaction mixture containing 2× Superscript™ III 
Platinum One-Step qRT-PCR mix, as per product insert. 
Final concentrations of norovirus primers and probe were 
400 and 80 nM respectively, and BMV primers and probe 
were 200 nM and 100 mM respectively. Amplification was 
performed on the ABI 7500 Fast instrument under the 
following conditions; 15 min 50 °C, 2 min 95 °C, 38 cycles 
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was identified, and control measures (visual aids, appro-
priate training/re-training) were implemented to negate 
the risk of obtaining costly invalid results. There was no 
observed difference between fresh and frozen sample 
for the detection of norovirus using Xpert Norovirus. This 
observation is supported by a recent study analysing the 
effect of freezing/thawing on norovirus RNA stability in 
faecal specimens which noticed no reduction in norovi-
rus titre or capsid integrity [20].

The CerTest Norovirus had poorer PPV and NPV values 
when compared to the Xpert Norovirus assay (Table 1). As 
reported many times, RT-PCR is superior to RIA for detec-
tion of norovirus from faecal specimens [1]. Differences 
were noted when fresh and frozen faecal specimens 
tested by CerTest Norovirus were compared. Fresh spec-
imens had higher sensitivity (+13%), specificity (+4.6%), 
NPV (+6.8%) and PPV (+6.9%) than frozen specimens 
when results for norovirus for GI and GII were combined. 
No data from other studies support the observation that 
freezing faecal specimens decreases CerTest Norovirus 
performance, especially sensitivity. A recent study tested 
RIDA®QUICK on 74 freshly collected norovirus, GII posi-
tive faecal specimens showed that sensitivity is increased 
rather than decreased when frozen and thawed. This arti-
cle only reports for sensitivity when discussing fresh vs. 
frozen [21]. The sensitivity observed for fresh and thawed 
specimens was 71 and 78%, respectively [21]. It would 
be useful for another evaluation of CerTest norovirus to 
be carried out using a higher sample number to assess if 
performance characteristics are affected by freeze/thaw-
ing of faecal specimens. CerTest Norovirus possesses an 
excellent combined norovirus PPV value of 94.7% and 
would be a cost-effective and timely way of large-scale 
testing, particularly in suspected norovirus outbreak 
situations. Where CerTest Norovirus testing is negative 
and clinical suspicion of norovirus infection remains, 

specimens should be re-tested by the more sensitive 
Xpert Norovirus assay [19].

The limitations of our study included a relative low 
number of specimens from patients, limited time frame, 
limited geographical spread, low number of fresh speci-
mens and low number of norovirus GI positive specimens. 
Although expensive, Xpert Norovirus is less labour inten-
sive and requires minimal technical expertise compared 
to high throughput, more technically demanding assays 
based on molecular genetics [18]. The test is easy to use, 
rapid (~90 min) and cross-contamination is significantly 
reduced by the employment of a closed cartridge sys-
tem [15]. Use of Xpert Norovirus is relevant in the norovi-
rus-testing season where rapid, reliable results are needed 
to isolate infected patients from non-infected patients 
[18]. Xpert Norovirus can be utilised in a routine labo-
ratory with low sample numbers, or out of hours in any 
laboratory setting where a rapid result is required within 
a short period. To maximise the impact of Xpert Norovirus, 
MRHT offers a norovirus service to clinicians seven days a 
week between the hours of 09:00–18:00 (weekdays) and 
09:00–14:00 (weekends). The average turnaround time of 
samples received within this period is less than two hours.

This study is an advance in biomedical science 
because it shows that the Xpert Norovirus method pro-
vides an on-demand, rapid, accurate identification of 
norovirus genogroups GI and GII in faecal specimens.
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Table 1. Summary of Assay performance results.1

1Positive predictive value (PPV), Negative predictive value (NPV).
2Results obtained in comparison to NVRL reference method. True positives (TP), False positives (FP), False negatives (FN), True negatives (TN).

Number of2 Sensitivity% Specificity% PPV% NPV%
Assay/Number of Samples TP FP FN TN Norovirus Genogroup Combined
Xpert Norovirus (n = 104) 49 0 0 55 100 100 100 100
Frozen (n = 80) 36 0 0 44 100 100 100 100
Fresh (n = 24) 13 0 0 11 100 100 100 100
CerTest Norovirus (n = 104) 36 2 13 53 73.5 96.4 94.7 80.3
Frozen (n = 80) 26 2 11 41 70.3 95.4 92.9 78.9
Fresh (n = 24) 10 0 2 12 83.3 100 100 85.7

Norovirus Genogroup I
Xpert Norovirus (n = 104) 8 0 0 96 100 100 100 100 
Frozen (n = 80) 8 0 0 72 100 100 100 100
Fresh (n = 24) 0 0 0 24 – 100 – 100
CerTest Norovirus (n = 104) 5 1 3 95 62.5 99.0 83.3 96.9
Frozen (n = 80) 5 1 3 71 62.5 98.6 83.3 96.0
Fresh (n = 24) 0 0 0 24 – 100 – 100

Norovirus Genogroup II
Xpert Norovirus (n = 104) 41 0 0 63 100 100 100 100 
Frozen (n = 80) 28 0 0 52 100 100 100 100
Fresh (n = 24) 13 0 0 11 100 100 100 100
CerTest Norovirus (n = 104) 31 1 10 62 75.6 98.4 96.9 86.1
Frozen (n = 80) 21 1 8 50 72.4 98.0 95.5 86.2
Fresh (n = 24) 10 0 2 12 83.3 100 100 85.7

http://orcid.org
http://orcid.org/0000-0002-3152-6326
http://orcid.org
http://orcid.org/0000-0001-9293-8773
http://orcid.org
http://orcid.org/0000-0001-5484-3183


BRITISH JOURNAL OF BIOMEDICAL SCIENCE﻿    147

[12] � Lopman BA, Reacher MH, Vipond IB, et al. Epidemiology 
and cost of nosocomial gastroenteritis, Avon, England, 
2002–2003. Emerg Infect Dis. 2004;10(10):1827–1834.

[13] � Fisman DN, Greer AL, Brouhanski G, et al. Of gastro and 
the gold standard: evaluation and policy implications 
of norovirus test performance for outbreak detection. J 
Transl Med. 2009;7:1–9.

[14] � Division of Viral Diseases, National Center for Immunization 
and Respiratory Diseases Centers for Disease Control and 
Prevention. Updated norovirus outbreak management 
and disease prevention guidelines. CDC-MMWR. 
2011;60(3):1–18.

[15] � Gonzalez MD, Langley LC, Buchan BW, et al. Multicenter 
evaluation of the Xpert norovirus assay for detection 
of norovirus genogroups I and II in Fecal specimens. 
J Clin Microbiol. American Society for Microbiology. 
2016;54(1):142–147.

[16] � Kageyama T, Kojima S, Shinohara M, et al. Broadly reactive 
and highly sensitive assay for norwalk-like viruses based 
on real-time quantitative reverse transcription-PCR. J Clin 
Microbiol. 2003;41(4):1548–1557.

[17] � Ferns RB, Garson JA. Development and evaluation of a real-
time RT-PCR assay for quantification of cell-free human 
immunodeficiency virus type 2 using a Brome Mosaic 
Virus internal control. J Virol Methods. 2006;135(1):102–
108.

[18] � Rovida F, Premoli M, Campanini G, et al. Evaluation of 
Xpert® norovirus assay performance in comparison 
with real-time RT-PCR in hospitalized adult patients 
with acute gastroenteritis. Diagn Microbiol Infect Dis. 
2016;85(4):426–427.

[19] � Buss SN, Leber A, Chapin K, et al. Multicenter evaluation 
of the biofire filmarray gastrointestinal panel for etiologic 
diagnosis of infectious gastroenteritis. J Clin Microbiol. 
2015;53(3):915–925.

[20] � Richards GP, Watson MA, Meade GK, et al. Resilience of 
norovirus GII.4 to freezing and thawing: implications for 
virus infectivity. Food Environ Virol. 2012;4(4):192–197.

[21] � Ambert-Balay K, Pothier P. Evaluation of 4 immuno
chromatographic tests for rapid detection of norovirus 
in faecal samples. J Clin Virol. 2013;56(3):194–8.

References

  [1] � Robilotti E, Deresinski S, Pinsky BA. Norovirus. Clin 
Microbiol Rev. 2015;28(1):134–164.

  [2] � Debbink K, Lindesmith LC, Donaldson EF, et al. 
Norovirus immunity and the great escape. PLoS Pathog. 
2012;8(10):e1002921.

  [3] � CDC. Norovirus/Overview [Internet]. Centers for Disease 
Control and Prevention. 2013 [cited 2016 Mar 13]. 
Available from: http://www.cdc.gov/norovirus/about/
overview.html

  [4] � Wikswo ME, Cortes J, Hall AJ, et al. Disease transmission 
and passenger behaviors during a high morbidity 
norovirus outbreak on a cruise ship, January 2009. Clin 
Infect Dis. 2011;52(9):1116–1122.

  [5] � McKeown P, Connell J, Dunford L, et al HPSC outlines 
latest norovirus trends [Internet]. Epi Insight. 2013 [cited 
2015 Jun 23]. Available from: http://ndsc.newsweaver.
ie/epiinsight/epq9pqq0uzsqldxs0g4hal?a=1&p=3175 
7905&t=17517774

  [6] � HPSC. Norovirus [Internet]. Infectious Intestinal 
Disease: Public Health & Clinical Guidance. 2012 
[cited 2015 Jun 23]. p.  33. Available from: http://
www.hpsc.ie/A-Z/Gastroenteric/GastroenteritisorIID/ 
Guidance/IIDPublicHealthandClinicalGuidancedisease 
specificchapters/File,13519,en.pdf

  [7] � Kapikian AZ, Wyatt RG, Dolin R, et al. Visualization 
by immune electron microscopy of a 27-nm particle 
associated with acute infectious nonbacterial 
gastroenteritis. J Virol. 1972;10(5):1075–81.

  [8] � Ong CW. Norovirus: a challenging pathogen. Healthc 
Infect. 2013;18(4):133–142.

  [9] � Kelly S, Foley B, Dunford L, et al. Establishment of a 
national database to link epidemiological and molecular 
data from norovirus outbreaks in Ireland. Epidemiol Infect. 
2008;136:1472–1479.

[10] � Matthews JE, Dickey BW, Miller RD, et al. The epidemiology 
of published norovirus outbreaks: a review of risk factors 
associated with attack rate and genogroup. Epidemiol 
Infect. 2012;140(07):1161–1172.

[11] � Wettstein ZS, Umscheid CA, Muder RR. Economic impact 
of outbreaks of norovirus infection in hospitals. Infect 
Control Hosp Epidemiol. 2011;32(2):191–193.

http://www.cdc.gov/norovirus/about/overview.html
http://www.cdc.gov/norovirus/about/overview.html
http://ndsc.newsweaver.ie/epiinsight/epq9pqq0uzsqldxs0g4hal?a=1&p=31757905&t=17517774
http://ndsc.newsweaver.ie/epiinsight/epq9pqq0uzsqldxs0g4hal?a=1&p=31757905&t=17517774
http://ndsc.newsweaver.ie/epiinsight/epq9pqq0uzsqldxs0g4hal?a=1&p=31757905&t=17517774
http://www.hpsc.ie/A-Z/Gastroenteric/GastroenteritisorIID/Guidance/IIDPublicHealthandClinicalGuidancediseasespecificchapters/File,13519,en.pdf
http://www.hpsc.ie/A-Z/Gastroenteric/GastroenteritisorIID/Guidance/IIDPublicHealthandClinicalGuidancediseasespecificchapters/File,13519,en.pdf
http://www.hpsc.ie/A-Z/Gastroenteric/GastroenteritisorIID/Guidance/IIDPublicHealthandClinicalGuidancediseasespecificchapters/File,13519,en.pdf
http://www.hpsc.ie/A-Z/Gastroenteric/GastroenteritisorIID/Guidance/IIDPublicHealthandClinicalGuidancediseasespecificchapters/File,13519,en.pdf

	Disclosure statement
	References



