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Probabilities in norovirus outbreak diagnosis
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bstract

ackground: Noroviruses are recognized as the most common cause of outbreaks of acute gastroenteritis. Yet, diagnostic testing for norovirus
s based mostly on RNA detection by RT-PCR, which is not widely available. While antigen detection tests (ELISAs) are easier to perform,
hey are in general less sensitive.
bjectives: Our aim was to provide a scientific basis for declaring norovirus as the causative agent of an outbreak of acute gastroenteritis.
tudy design: Statistical analysis used binomial distribution to determine the minimal number of positive samples, and the probability of
etecting the required number of positive samples, for different tests, required to assign norovirus as the causative agent of an outbreak of
cute gastroenteritis.
esults: For either a standard RT-PCR or a commercially available ELISA, finding only 1 sample positive out of 2, 3 or 4 samples is sufficient

o assign norovirus as the causative agent of an outbreak of acute gastroenteritis. However, when ELISA is used, the probability of detecting
his required minimum number of positive samples is low when small numbers of samples are tested (57% when 2 samples are tested; 72%
hen 3 samples are tested). In order to reach a 90% probability of detecting a norovirus outbreak (false negativity at outbreak level <10%),

t least 3 samples should be tested using RT-PCR, and 6 samples when using an ELISA.

onclusions: The sensitivity for NoV outbreak diagnosis will increase from 57% to 92%, or from 84% to 96%, for ELISA or RT-PCR

espectively, when sample size increases from 2 to 6. Thus, using ELISA instead of RT-PCR for the detection of norovirus in stool samples
ill result in considerable numbers of false negative outbreaks unless a minimum of 6 samples are tested per outbreak.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Noroviruses (NoV) are the most common cause of acute
astroenteritis, not only in sporadic cases, but especially in

utbreaks. However, diagnostic tests are still not widely avail-
ble to clinicians and public health practitioners (Lopman,
006; Turcios et al., 2006). Currently, several ELISAs are

Abbreviations: NoV, norovirus; RT-PCR, reverse transcription poly-
erase chain reaction; ELISA, enzyme linked immunosorbent assay; se,

ensitivity; sp, specificity
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ecoming commercially available and one might expect that
iagnosis of NoV in gastroenteritis outbreaks will become
ore common.
The high diversity of these small RNA viruses causes dif-

culties for diagnosis. The antigenic diversity poses great
hallenges for the development of generic and sensitive EIA
rotocols, whereas the high genetic diversity challenges the
evelopment of generic RT-PCR protocols. As a result, cur-
ently available methods vary greatly in sensitivity, specificity
nd scope for the detection of NoV (Atmar and Estes, 2001;
e Bruin et al., 2006).
RT-PCR protocols are generally considered the gold stan-
ard in outbreak diagnosis; still, using an array of several
T-PCR protocols NoV was detected in only 84% of fecal
amples from NoV outbreaks (Vinje et al., 2003). In this study
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tested with test 2 (se = 0.72, sp = 0.99) for which 1 out of
3 samples was tested positive. The striped area under the
curve (auc) is the sum of confidences for the true prevalence
to be >8%, in this case 97% (i.e., >95%). Fig. 1b shows
E. Duizer et al. / Journal of

e use this detectability of 84% of NoV by the most sensitive
ethod (RT-PCR) to define the prevalence of NoV in fecal

amples from NoV outbreaks.
A practical problem is that sometimes limited numbers of

amples per outbreak are available. In combination with the
elatively low sensitivity of currently available EIA tests, the
efinition of an outbreak is becoming an issue. Different def-
nitions have been used in NoV outbreak diagnosis: (1) if 2 or

ore samples are found positive (Richards et al., 2003); (2)
0% or more of samples test positive (Lopman et al., 2003);
3) clinical appearance of a nonbacterial gastroenteritis with
t least 1 sample positive for NoV and other laboratory tests
egative for bacterial and parasitic agents (Fankhauser et al.,
998). In this study we use statistical analysis in order to
efine the minimal number of samples to be tested, in com-
ination with the number to be found positive, for different
ests and sample sizes, to assign NoV as the causative agent
f an outbreak. Furthermore, we calculated the probability
f detecting the required number of positives as a function
f the number of samples tested. These results can guide the
nterpretation of diagnosing NoV as the cause of an outbreak
f gastroenteritis.

. Materials and methods

.1. Definition of an outbreak and norovirus prevalence

NoV are common pathogens and a random fecal sample
rom the general population might contain the virus without
eing associated with an outbreak.

In the Netherlands, 35 (5.2%) fecal samples of 669 healthy
eople were found positive for NoV (de Wit et al., 2001).
ased upon this result we determined the upper limit of the
revalence of NoV in feces in the general population at 8%
based on a 97.5% CI about 35/669). We defined an outbreak
o be caused by NoV if the prevalence of NoV in the outbreak
amples is higher than this upper limit of 8%.

.2. Sensitivity and specificity of the diagnostic tests

In this study we used literature data on sensitivity (se)
nd specificity (sp) of several diagnostic tests. Test 1 is a
ypothetical “gold standard” test of which the specificity and
ensitivity are per definition set at 100% (test 1: se = 1, sp = 1).
est 2 is a RT-PCR method. Even though RT-PCR methods
re considered the gold standard for NoV detection, in an
nternational collaborative study to compare RT-PCR assays
or the detection of NoV, an average sensitivity for single-
ound RT-PCR of 72% was found (Vinje et al., 2003). For
ost RT-PCR protocols virtually no false positive samples

re reported, i.e. the specificity of these protocols is very

igh. In our calculations we therefore used a specificity for
he RT-PCR of 99% (test 2: se = 0.72, sp = 0.99). The third test
as the IDEIA Norwalk Like virus (Dakocytomation Ltd.,
ly, United Kingdom). The average reported sensitivity and
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pecificity of this test is 41% and 98%, respectively (Burton-
acLeod et al., 2004; de Bruin et al., 2006; Richards et al.,

003) (test 3; se = 0.41, sp = 0.98).

.3. Calculation of the minimal number of positive
amples required for outbreak diagnosis

Determinations of uncertainty distributions about p (true
revalence of NoV in an outbreak) for separate outbreak data
ets were performed following Vose (Vose, 2000). The num-
er of NoV-positive samples (s) in the sample size (n) is
ssumed to be binomially (n, p) distributed. Subsequently,
he uncertainty distribution about p is calculated using hypo-
hetical data on n (2 < n < 21) and s, in combination with the
reviously defined se and sp. We used the BINOMDIST (s;
; (p*se + (1 − p)*(1 − sp); FALSE) function in Excell (Vose,
000) to define the uncertainty distribution about p. In order to
se this function we assumed that the number of tests is fixed
n), the outcome of each test is positive or negative (where
is the number of positive tests), the tests are independent,
nd the probability of success (i.e., a positive test result, p)
s constant throughout the experiment. This last assumption
pplies only for stool samples obtained during, or shortly
fter, the symptomatic phase. Based on the resulting distri-
ution, the minimal number of positive samples needed to
iagnose a NoV outbreak was calculated for different sam-
le sizes for the three previously defined tests. The minimal
umber of positive samples is defined as the number of posi-
ive samples for which the probability of the prevalence ≥ 8%
ecomes >95%.

An example for this reasoning is illustrated in Fig. 1a and
. Fig. 1a shows the confidence distribution of an outbreak
ig. 1. Confidence distribution of an outbreak tested with test 2 (se = 072,
p = 0.99) for which 1 out of 3 (a) or 1 out of 10 (b) samples was tested
ositive. The striped area under the curve (auc) is the sum of confidences for
he true prevalence to be >8%.
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ig. 2. The minimal number of positive samples to indicate NoV as causat
etecting the required number of positive samples (bars) for test 1 (se = 1, s

he confidence distribution of an outbreak tested with test
(se = 0.72, sp = 0.99) for which 1 out of 10 samples was

ested positive. The striped auc is in this case 83% (i.e., <95%)
ndicating that our confidence on this outbreak being caused
y NoV is not high enough.

.4. Calculation of the probability of detecting the
equired number of positive samples to diagnose an
utbreak

In order to develop further insight in the impact of the sen-
itivity of the tests for outbreak diagnosis, we calculated the
robability of actually detecting the required number of pos-
tive samples (resulting from the previous paragraph). For all
hree tests, specificity and sensitivity were used to calculate
he probability of detecting the required number of positive
amples to diagnose an outbreak. The probability of detect-
ng NoV per sample was calculated using the BINOMDIST
s; n; (p*se + (1 − p)*(1 − sp); FALSE) function in Excell.
n this study we use the detectability of NoV by the most
ensitive method (RT-PCR) as measure for the prevalence of
oV in fecal outbreaks samples (i.e., p = 0.84, Vinje et al.,

003). This calculates the probability of detecting sufficient
oV positive samples to diagnose NoV as causative agent

or that outbreak (i.e., the probability that the prevalence of
oV ≥ 0.08 is >95%).

a
t
fi
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t of an outbreak (diamonds) and the corresponding probability of actually
), test 2 (se = 0.72, sp = 0.99) (B), and test 3 (se = 0.41, sp = 0.98) (C).

. Results

.1. Minimal numbers of positive samples required for
utbreak diagnosis

The minimal number of positive samples to be detected
o assign NoV as causative agent of an outbreak with at least
5% confidence, using 1 of a series of 3 tests with defined sen-
itivities and specificities is shown in Fig. 2A–C (�), which
hows that the required number of positive samples to iden-
ify an outbreak as caused by NoV increases as the number
f samples available for testing increases. Furthermore, vari-
tions in sensitivity and specificity of the tests affect the
equired number of positive samples. Moreover, in most cases
he required number of positive samples to be found by RT-
CR (test 2; Fig. 2B) and ELISA (test 3; Fig. 2C) is the same,
nly when the sample size is 5,6,12,13,14, or 15 one extra
ositive sample is required for the more sensitive RT-PCR to
chieve a confidence of >95% for outbreak diagnosis.

For tests 2 and 3, representing the RT-PCR and ELISA
espectively, finding only 1 sample positive out of 2, 3 or

samples is sufficient to positively diagnose an outbreak

s caused by NoV (i.e., p ≥ 0.08 is >95%), and for the 3
ests finding 2 positive samples in up to 9 samples was suf-
cient. Note, that if the limit of probability is set to 99%

nstead of 95% (i.e., the probability of the prevalence ≥8%
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Table 1
Maximal number of samples per outbreak for which detection of 1 positive sample is sufficient to indicate NoV as causative agent of an outbreak, for different
upper limits of the prevalence of NoV in feces in the general population

Test Upper limit of the prevalence of NoV in feces in the general population (%)

8 4 2 1

se = 1, sp = 1 3 7 14 26
se = 0.72, sp = 0.99 4 8 13 18
s
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e = 0.41, sp = 0.98 6 10 15

f more samples than the numbers indicated are tested, 2 or more positives a

ecomes >99%), detecting only 1 sample positive will never
e sufficient.

The number of samples for which only 1 positive sample
s required to indicate NoV as causative agent of an outbreak
ncreases with decreasing prevalence of NoV in feces in the
eneral population (Table 1). For example, when the upper
imit of NoV prevalence in the population is assumed to be
%, the transition for requiring 2 positive samples instead
f 1 occurred at n = 27, 19, and 21, for tests 1, 2, and 3,
espectively (Table 1).

.2. Probability of detecting the required number of
ositive samples

Based on the sensitivity, specificity and the required num-
er of positive samples per test we calculated the probability
f actually detecting at least the required number of positive
amples as a measure of the likelihood to confirm the etiology
f outbreaks (bars in Fig. 2).

The probability of detecting the required number of pos-
tive samples is highly dependent on the sensitivity of the
est, and on the number of samples tested. There is a sudden
ecrease in the probability when there is an increase in num-
er of positive samples required from 1 to 2 (at n = 4, 5, and
for tests 1, 2, and 3, respectively), this decrease is much

ess when the required number of positive samples increases
rom 2 to 3. Fig. 2 shows that when a limited number of 2, 3,
r 4 samples is available for testing, the probability of diag-
osing an outbreak using RT-PCR (test 2; Fig. 2B) is much
igher than if a less sensitive ELISA (test 3: Fig. 2C) is used.
hen 5 samples are available, the probabilities of detecting

he required number of positive samples are 0.92 and 0.88
or RT-PCR and ELISA, respectively. When 6 samples are
vailable, the probabilities of detecting the required number
f positive samples are 0.96 and 0.92 for RT-PCR and ELISA,
espectively. So, when 5 or 6 samples are tested both tests are
lmost equally likely to diagnose an outbreak.

We also found that when an RT-PCR method, with the
efined specificity and sensitivity, is used to study a candi-
ate NoV outbreak, there is a 99% probability of finding the
equired number of positive samples to assign a NoV etiol-

gy when 8 samples are tested. This indicates that the increase
n sensitivity gained by testing more than 8 samples is very
imited. If a test with a sensitivity as low as that defined for
he study ELISA is used, there is a gradual increase in the

t
t
b
s

20

ired to indicate NoV as causative agent.

robability of correctly identifying a NoV outbreak when the
umber of samples tested is increased from 8 to 15; however,
9% likelihood is not reached at n < 21.

. Discussion

This study shows that the required number of positive
amples needed to assign an outbreak to a pathogen under sus-
icion is more dependent on the prevalence of the pathogen
n the general population than on the sensitivity and speci-
city of the test used. The sensitivity and specificity greatly

nfluence the probability of detecting the required number of
ositives, and thus the reliability of the assay for outbreak
iagnosis. Considering existing tests, such as the RT-PCR
nd ELISA with the properties defined as assumption, we
an conclude that for 2, 3, and 4 samples tested, detecting
positive is sufficient to assign an outbreak to NoV. When

nly 2, 3, or 4 samples are tested, the probability of find-
ng the required numbers of positive samples increases with
he sample number. However, due to the underlying assumed
inomial process 1 is more likely to detect the 1 required
ositive sample when n = 4 than the required 2 positive sam-
les when n = 5 or 6, using RT-PCR as the diagnostic test.
he same holds for the ELISA, with the study-defined speci-
city and sensitivity, in that the probability for detecting the
equired number of positive samples is higher for n = 6, than
or 7 ≤ n ≤ 10. The probability of detecting 1 positive sample
ut of 6 is, of course, higher than detecting 1 out of 4; how-
ver, one should realize that detecting less than the required
umber of positives means that one cannot be confident that
he NoV prevalence found in the outbreak is higher than the
opulation background prevalence (8% in this study).

If we consider a limit of 90% probability to detect an
utbreak (false negativity at outbreak level <10%), we show
hat at least 3 samples should be tested using RT-PCR, but

(or more than 10) samples should be tested when the
tudy-specified ELISA is used. Since for some outbreaks the
umber of samples available is often limited, the use of an
LISA detection method for NoV will result in a considerable
umbers of false negative outbreaks. If an outbreak is tested
egative by an ELISA method, one should consider retesting

he samples by a more sensitive method such as RT-PCR. Fur-
hermore, we conclude that in up to 4 samples tested, either
y ELISA or RT-PCR, detecting 1 positive sample will be
ufficient, even for a pathogen as prevalent as NoV.
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