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A B S T R A C T

The use of enzyme immunoassays to screen for toxins A and B produced by Clostridium difficile is a common
procedure in algorithms designed for its detection. Moreover, the absence of a unique test capable of providing
reliable results at low cost motivates a great discussion about which algorithm is the best. Thus, several studies
have evaluated the performance of these enzyme immunoassays. However, all fail to provide sufficient ex-
planations for the different behaviours observed in different studies that evaluate the same index test against a
common reference method. Our main goal was to find out which factors affect the sensitivity of these assays,
since the specificity is very close to 1.

In this research, we verified that sensitivity increases with the prevalence rate and with the proportion of
reported cases of onset diarrhea. Therefore, its use is advisable for high prevalence rates (e.g. in an epidemic
setting).

As far as reference methods are concerned, nucleic acid amplification tests can be used as a reference method,
with a performance similar to the well-accepted toxigenic culture. The method chosen for toxigenicity screening
in a toxigenic culture also seems to affect the evaluation performance of tests and should be better studied in the
future.

1. Introduction

Clostridium difficile (CDI) is the most important cause of nosocomial
diarrhea worldwide (Pancholi et al., 2012). In the United States, the
now called Clostridioides difficile infection is the 18th leading cause of
death among people over 65 (Rao et al., 2015).

Most pathogenic strains of CDI produce two toxins: toxin A and
toxin B. Several laboratory techniques are available to detect CDI toxins
or the genes that encode them in fecal samples. Screening for the pre-
sence of the glutamate dehydrogenase (GDH) enzyme is also a possi-
bility. However, GDH enzyme is also produced by bacteria other than
CDI, so the result can be misleading. The emergence of new strains
related to hyper-virulent outbreaks and increased disease severity have
been the seeds of much research related to rapid enzyme immunoassays
(EIA) tests (Johansson et al., 2016).

Recent European guidelines on the diagnosis of CDI (Crobach et al.,
2016) suggest the use of a two-step algorithm: a high sensitivity first
step (a GDH EIA test or a nucleic acid amplification test (NAAT)) and a
EIA test (highly specific) to detect toxins A and B as a second step. This

last EIA is known for its lack of sensitivity. However, it is commonly
used to confirm the infection (Goret et al., 2015).

Currently, there is no consensus on a gold standard test for the di-
agnosis of CDI. However, two reference tests are generally accepted in
the literature: toxigenic culture (TC) for the screening for toxin-pro-
ducing CDI in stool and cell cytotoxicity neutralisation assay (CCA) that
detects free toxins in stool.

In TC, stool samples are first exposed to alcohol or heat shock to kill
vegetative cells of CDI and other organisms. Nevertheless, CDI spores
survive. Then, the samples are plated on selective agar and incubated at
37 °C anaerobically for a minimum of 48 h. If the isolates produce
toxins in vitro, they must be confirmed as there may be nontoxigenic
strains. Toxigenicity can be confirmed by NAAT, CCA or EIA for toxins
A and B.

No standard method for TC assays with CDI has been established. A
wide variety of media and differences in isolation protocols and var-
iations in incubation time are common (Silva et al., 2014). These var-
iations add another problem when assessing an EIA with TC as the gold
standard method. In addition, (René et al., 2012) suggest that the
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method used to the detection of toxins may be an important reason to
explain the observed disparity. Enrichment TC (ETC) is also a possibi-
lity that improves the number of infected specimens detected.

CCA is an assay based on detecting the presence of free toxins in
feces. In this assay, stool samples are filtrated and then added to toxin
sensitive cell lines (e.g. Vero cells). After a 24 to 48 h incubation, the
cytopathic effect that can be neutralized by antiserum is examined by

microscopy.
These two reference tests are usually not performed for screening

CDI, since they involve longer turnaround times (24-48 h), are more
expensive and require specialized staff.

The high sensitivity of GDH assays (Canado et al., 2018) (very close
to 100%) opens the possibility of using subsamples of GDH positive
cases to assess the performance of the EIAs for toxins A and B with

Table 1
Characteristics of the included primary studies (Prev: prevalence rate; Premier: Premier toxins A/B; Immuno: ImmunoCard toxins A/B (Meridian); Tox A + B: C.
difficile toxin A + B (Diagnostic Automation); Ridascreen: Ridascreen toxins A/B (Biopharm); ProSpec T: Remel ProSpec T and Xpect (Oxoid); VIDAS: VIDAS CDAB
(bioMérieux); Tox AB II: Clostridium difficile Tox A/B II; Quik Chek: Tox A/B Quik Chek (Techlab); Complete: Quik Chek Complete (Techlab)).

Study Country Reference Index test n Prev. (%)

Ashraf et al. (2019) USA NAAT Complete 486 30.9
Barkin et al. (2012) USA ETC Premier 272 13.2
Benedek et al. (2016) Germany TC VIDAS 236 17.8
Boyanton et al. (2012) USA NAATs Tox AB II/Complete 139 15.1
Brown et al. (2011) USA CCA/NAAT ProSpec T 357 9.8–10.4
Bruins et al. (2012) Netherlands TC Premier/Immuno Complete 986 7.4
Canado et al. (2018) Brazil TC Toz AB II/Complete 53 22.6
Caulfield et al. (2018) USA NAATs Complete 500 12.0
Chapin et al. (2011) USA NAATs Premier/Complete 31–34 73.5–80.6
Chung and Lee (2017) South Korea Xpert Complete 231 35.9
de Boer et al. (2010) Netherlands CCA Xpect 161 9.9
Eastwood et al. (2009) UK CCA/TC all unless Tox A + B 556–600 17.2–20.9
Goldenberg et al. (2010) UK TC Premier 500 7.2
Hart et al. (2014) Australia TC Complete 150 30.0
Hernández-Rocha et al. (2013) Chile ETC/NAAT VIDAS 230 10.0–10.4
Herrera-Cáceres et al. (2010) Mexico TC Immuno/VIDAS 223–230 4.5–6.5
Hirvonen and Kaukoranta (2015) Finland TC/1NAAT Quik Chek 302 23.8–25.8
Hong et al. (2014) South Korea TC VIDAS 293 17.7
Humphries et al. (2013) USA TC Premier 296 46.6
Jamal et al. (2014) Kuwait TC Complete 409 3.2
Johansson et al. (2016) Sweeden NAAT Complete 419 14.8
de Jong et al. (2012) Netherlands CCA/TC NAAT Immuno 150 8.0–11.3
Kawada et al. (2011) Japan TC Complete/Quik Chek 60 46.7
Kim et al. (2012) South Korea TC VIDAS 125 8.8
Kim et al. (2014) Korea TC Complete/VIDAS 590–608 8.3–9.0
Kosai et al. (2017) Japan NAAT Complete/Xpect 118 28.8
Kvach et al. (2010) USA CCA/NAAT TOX AB II 400 22.0–24.0
Kwon et al. (2017) USA TC Tox AB II 111 8.1
Larson et al. (2010) USA CCA Quik Chek 114 41.2
Le Guern et al. (2012) France TC Quik Chek 360 12.2
Leitner et al. (2013) Austria TC Premier 180 12.8
Makristathis et al. (2017) Austria CCA/TC Tox AB II 300 8.3–11.7
McElgunn et al. (2014) UK NAAT Ridascreen 27 92.6
Miller et al. (2013) USA CCA/NAAT Complete 244 35.7–51.2
Moon et al. (2016) South Korea TC VIDAS 271 20.3
Morinaga et al. (2018) Japan TC Complete 231 22.9
Murad et al. (2015) Canada NAAT Immuno 1592 13.3
Novak-Weekley et al. (2010) USA ETC Premier 432 16.7
Ota and McGowan (2012) USA CCA Premier/Complete 141 18.4
Peterson et al. (2011) USA TC Premier/Complete Immuno/Tox AB II 1000 14.6
Planche et al. (2013) UK CCA/TC Premier/Tox AB II 9161–12,369 5.9–8.5
Qutub et al. (2011) Saudi Arabia CCA Tox AB II 150 34.7
Qutub et al. (2019) Saudi Arabia NAAT Complete 103 14.6
Rajabally et al. (2016) South Africa TC Immuno/VIDAS 141 21.2
Reller et al. (2010) USA CCA Quik Chek 600 7.7
René et al. (2012) Canada CCA/TC Immuno Quik Chek/Xpect 494 9.3–11.7
Samra et al. (2013) Israel NAAT Complete/Quik Chek 223 35.4
Selvaraju et al. (2011) USA TC Complete 199 23.6
Senoh et al. (2014) Japan TC/NAAT Complete 44 34.0–43.2
Senok et al. (2017) Saudi Arabia NAAT Complete 210 14.8
Sharp et al. (2010) USA 1NAAT Complete/Quik Chek 282 14.5
Shin et al. (2012) South Korea TC VIDAS 245 18.4
Shin et al. (2016) South Korea TC/NAAT VIDAS 329 23.7–26.4
Silva et al. (2014) Brazil CCA/TC ProSpec T/Tox AB II Ridascreen 92 25.0–27.1
Strachan et al. (2013) UK TC Premier 860 11.4
Swindells et al. (2010) UK CCA/TC NAATs Complete/VIDAS 150 10.0–12.7
Tenover et al. (2010) Canada/USA ETC Premier/Tox AB II 173–1023 11.2–19.1
Terhes et al. (2009) Hungary NAAT VIDAS 557 8.8
van Prehn et al. (2015) Netherlands TC VIDAS 3576 11.4
Vasoo et al. (2014) USA NAATs Complete/Quik Chek 192 25.0
Vasoo et al. (2014) UK TC Quik Chek 1007 8.6
Yoldaş et al. (2016) Turkey NAAT Tox A + B 95 6.3
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minimal risk of bias.
The meta-analysis of diagnostic test accuracy involves modelling

both sensitivity and specificity since they are usually correlated. When
primary studies report a wide range of values for both measures, it is
recommended to estimate a bivariate model (Lee et al., 2015;
Makristathis et al., 2017). It accounts both within and between study
heterogeneity. In a previous work on this subject, (Crobach et al., 2016)
derived pooled estimates and confidence intervals (CIs) through the use
of a random effects logistic regression.

The purpose of this work is to contribute to the understanding of the
different performances observed for the same EIA concerning the same
reference method. In literature, there are already some studies that
point out to some possible reasons to observe different performances for
the similar quality assessment of the EIAs. However, they fail to provide
statistical evidence. For instance, it was shown by (Guh et al., 2019;
Origuen et al., 2018) that the severity of the disease is related to a
higher sensitivity of the EIA. Proton pump inhibitor medication
(Boyanton et al., 2012), prior CDI episodes (Hernández-Rocha et al.,
2013) and the type of ribotypes (Johansson et al., 2016; Lee et al.,
2014) are possible explanations for a higher sensitivity. The perfor-
mance of EIAs in a pediatric setting is a problem and can result in a high
number of false positives results (Luna et al., 2011; Toltzis et al., 2012).

Testing-related factors, such as pre-analytical conditions (storage
and transport temperatures), can also affect performance. See, for in-
stance, (Krutová and Nyc, 2018; Viechtbauer, 2010). Pre-sampling
therapy can negatively affect the sensitivity of the assay (Bogaty et al.,
2017; Zarandi et al., 2017; Nazemalhosseini-Mojarad et al., 2011).

Our work aims to find significant statistical factors that affect the
sensitivity of the EIAs for toxins A and B. The specificity of these assays
is not a problem, as it is recognized as being very close to 1.

2. Material and methods

The search strategy and data extraction followed the general
guidelines found in other papers, e.g. (Crobach et al., 2016).

2.1. Search strategy

Studies were considered eligible for this meta-analysis if they meet
the following criteria:

• describe original research;

• compare the index test to a standard reference (CCA, TC or ETC) or
to a non-standard reference (NAAT or NAATs followed by TC if
results are discordant);

• performed on clinical human stool samples;

• report sufficient information to allow the calculation of the number
of true positives (TP), false positives (FP), false negatives (FN) and
true negatives (TN);

• use index tests that are still available;

• published in the English language in 2009 or later.

As the number of publications on the subject addressed is quite high
for a meta-analysis we decided to work with studies published in the
last 10 years.

The use of several NAATs with CCA for discordant cases was not
considered, as we used NAAT as a gold standard similar to TC. This
resulted in only two reference methods: CCA and non-CCA.

We searched PubMed for studies concerning the laboratory diag-
nosis of CDI infections. Searches were performed in February 2019
according to the search strategy provided in the supplementary math-
erial. Studies from a previous work (Crobach et al., 2016) were also
analysed and added when fulfilling our criteria.

2.2. Data extraction

The three authors of this paper independently assessed the study
eligibility. Inconsistencies were resolved by consensus. The number of
TP, FP, FN and TN was extracted according to each reference method.
More than one reference could be found in the same paper. This led to
the use of different sample sizes to the same study (see Table 1). We
extracted additional information, including year of publication, study
population and the reference method of choice. All the extracted data
was imputed into Microsoft Excel 2016 and is provided in the Supple-
mentary Material.

2.3. Statistical analysis

A graphical overview of the results is given by forest plots produced
according to the reference method (CCA or non-CCA). The associated
CIs for the sensitivity are based in the arcsine transformation, which is a
variance stabilizing transformation (Hartung et al., 2008). All estimates
were computed under a random model setting obtained using the re-
stricted maximum likelihood (REML) methodology. Estimates of the
heterogeneity τ2 between studies were obtained via REML
(Viechtbauer, 2010). I2 statistic (the ratio between τ2 and the total
variance) was also computed. All of these procedures were performed in
the R (R Core Team, 2014) package metafor (Viechtbauer, 2010). CIs
were computed using the Knapp and Hartung adjustment (Hartung
et al., 2008). Trim and fill method (Duval and Tweedie, 2000) was
applied to screen for possible publication bias.

We used a bivariate model to jointly model the sensitivity and the
false positive rate for both reference methods (Rutter and Gatsonis,
1995, 2001). This model is equivalent to the hierarchical summary
receiver operator characteristic (HSROC) model (Reitsma et al., 2005)
in the absence of covariates (Harbord et al., 2007). The bivariate model
assumes an underlying bivariate normal distribution for the sensitivity
and false positive rate. The models were obtained using R package
mada (Doebler and Holling, 2017) where the variance components and
the random model were estimated by REML. When any of the outcome
measures was zero the value of 0.5 was added.

3. Results

3.1. Study characteristics

The search was performed in PubMed leading to 1008 different ci-
tations (see Supplementary Material). A total of 41 studies (published
since 2009) from a previous meta-analysis (Crobach et al., 2016) were
added, although three of those studies were not used. This gave us a
total of 1018 studies after removing duplicates (one experimental study
was described in two different papers). Reading the abstract allowed us
to unanimously reject 899 studies for not being related to the subject
addressed here. From the remaining 119 studies, 57 studies were ex-
cluded from further analysis. Thus, a total of 62 studies were included
in the meta-analysis. The selection process is detailed in PRISMA flow
chart (Moher et al., 2009) displayed in Fig. 1.

Sample sizes ranged from 27 to 12,369 and the number of infected
individuals (according to the reference method) ranged from 6 to 1034
(prevalence rate 3.2–92.6%). In 10 studies (Benedek et al., 2016; Brown
et al., 2011; Canado et al., 2018; de Boer et al., 2010; Hart et al., 2014;
Johansson et al., 2016; de Jong et al., 2012; McElgunn et al., 2014;
Selvaraju et al., 2011; van Prehn et al., 2015), not all tests were per-
formed (or at least this is not clear) on unformed stool specimens.

In three studies (Hart et al., 2014; Ota and McGowan, 2012;
Selvaraju et al., 2011) individuals are all under the age of 18 while 13
studies (Ashraf et al., 2019; Barkin et al., 2012; Canado et al., 2018;
Hernández-Rocha et al., 2013; Humphries et al., 2013; Kawada et al.,
2011; Kwon et al., 2017; Viechtbauer, 2010; Morinaga et al., 2018;
Rajabally et al., 2016; Shin et al., 2016; Strachan et al., 2013;
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Fig. 1. Flow-chart showing the process of identification of studies for inclusion in the systematic review.

Fig. 2. Proportion of studies with low, high or unclear risk of bias (QUADAS-2 assessment).
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Viechtbauer, 2010) considered adults only. All of these studies used
unformed stools. Ten studies (Boyanton et al., 2012; Chapin et al.,
2011; Goldenberg et al., 2010; Hirvonen and Kaukoranta, 2015; Jamal
et al., 2014; Novak-Weekley et al., 2010; Planche et al., 2013; Tenover
et al., 2010; Wren et al., 2009; Yoldaş et al., 2016) considered samples
only with individuals older than 2 years (infants rarely develop a

clinical infection). The other 36 studies do not report any information
about the age of individuals.

A subsample with only positive results for GDH was used in 4 stu-
dies (Chapin et al., 2011; Goldenberg et al., 2010; Larson et al., 2010;
Miller et al., 2013).

A total of 83 index tests comparisons to gold reference methods (TC

Fig. 3. Reading from the left to the right, it is displayed funnel plot when CCA and non-CCA are reference. Black and white dots represent the observed and missing
studies.
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Fig. 4. Forest plot for sensitivity when CCA is the reference. Sensitivities are represented by individual squares proportional to the precision of the estimates and the
horizontal lines represent the 95% CIs for each included study. Snsitivities are ordered updown with an increasing sample size.
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or CCA) were performed. The reference method TC was used more (54
times) than CCA (29 times). Seven of the studies compared the index
tests to both reference methods.

A NAAT (1NAAT) was used as reference in 15 studies (27 times).
Two or more NAAT with TC for discordant cases (2NAAT) were used in
4 studies (9 times).

The EIAs found in all studies were Premier toxins A/B and
ImmunoCard toxins A/B (Meridian, USA), C. difficile toxin A + B
(Diagnostic Automation, USA), Ridascreen toxins A/B (Biopharm,
Germany), Remel ProSpec T and Xpect (Oxoid, UK), VIDAS CDAB
(bioMérieux, France), Clostridium difficile Tox A/B II, Tox A/B Quik
Chek and Quik Chek Complete (Techlab, USA). The last EIA screens for
both CDI's toxins and GDH, although the result for the presence of GDH
was not used to assess the performance of this assay.

Table 1 summarizes some information about the selected (primary)
studies.

3.2. Quality assessment

The QUADAS 2 tool was used (Whiting et al., 2011) to assess the
risk of bias and the applicability of the primary studies. In the domain
of patient selection, a low risk of bias was characterized by the use of

unformed stools and patients over the age of 2. This was found in 23
studies. At least one of the conditions was not fulfilled in at least 7
studies. The risk of bias associated to QUADAS-2's index test domain
was determined by blindness and the performance of the assay ac-
cording to manufacturer's instructions. Regarding to the reference test
domain, blindness was required along with a minimum of 48 h culture
under anaerobic conditions for stool samples submitted to TC. This last
requirement was fulfilled by all studies reporting incubation time.
However, for both index test and reference domains a large majority of
studies were unclear regarding blindness. The flow and timing domain
required both index and reference test to be performed in less than 72 h.
This was the case in 25 of the 62 studies. Concerning applicability, no
problems were found. The results are summarized in Fig. 2.

Stool samples after transport to the laboratory were refrigerated or
frozen in at least 41 cases for reference performance and in at least 36
cases for EIA performance.

3.3. Tests performance across all index tests

Studies where the reference method was TC, ETC or a combination
of both were considered as having a similar reference in the analysis
that follows, since the between study variance decreases (I2 decreases
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Fig. 5. Forest plot for sensitivity when reference is not CCA (the 49 studies with the lowest sample sizes). Sensitivities are represented by individual squares
proportional to the precision of the estimates and the horizontal lines represent the 95% CIs for each included study. Snsitivities are ordered updown with an
increasing sample size.
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from 90.25% to 89.64%). Moreover, even studies in which the re-
ference method were NAAT or several NAATs with TC for discordant
cases, were grouped with the previous studies because the variance I2

decreases even more (88.53%). No evidence of publication bias is found
in the funnel plot for this set of studies (see Fig. 3). Hence, all non-CCA
references were dealt as the same, leading to a total of 98 comparisons.

CCA is dealt separately. In this case, evidence of publication bias is
found (6 studies missing when trim and fill method is applied).

In Figs. 4, 5 and 6 forest plots for the estimated sensitivity, in re-
lation to the two previously established references (CCA or non-CCA),
are presented. The studies are displayed in ascending order, according
to the sample size (reading updown). The reported sensitivities ranged
from 0.41 to 1 (compared to CCA) and from 0.22 to 1 (compared to
other reference) whereas the reported specificities ranged from 0.88 to
1 (compared to CCA) and from 0.91 to 1 (compared to non-CCA).

Two bivariate models were adjusted according to the two references
considered. The SROC curves are displayed in Fig. 7. The area under the
curve is greater than 0.91 in both cases. The normalized partial area
under the curve restricted to the observed false positive rates is 0.860/
0.744 for the CCA/non-CCA reference. This suggests a very good overall
diagnostic accuracy.

To compare the effect of the prevalence rate on the EIA's

performance, we used the threshold 0.10 and 0.15 for CCA and non-
CCA reference. These thresholds allowed us to obtain samples of ap-
proximately equal size. Regardless of the reference, the sensitivity of an
EIA is higher when the prevalence rate is higher. Comparing the use of
unformed stools in adults with the performance of the EIA in in-
dividuals older than two years, no significant relation was found.
Samples with all diarrhea stools have a higher pooled sensitivity. All of
these data are displayed in Table 2.

Table 3 presents the results under different TC protocols. The
comparison between studies that state (or not) the performance of an
ethanol shock before incubation and the time of incubation does not
reveal any significant differences. Toxigenicity assessment by CCA in
toxigenic culture is associated with a significantly lower estimated
sensitivity.

4. Discussion

EIAs for screening the toxins associated to CDI are widely used. The
specificity of these EIAs does not generate a great discussion since for
golden (or less golden) references values are always close to one.

However, sensitivity values have an opposite performance. Studies
report sensitivities as low as 0.33 or as high as 1. Note that the
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differences observed in sensitivity when CCA and non-CCA are the
chosen reference are not a surprise. In a previous meta-analysis de-
scribed in (Crobach et al., 2016), the pooled sensitivity estimate was
0.57 (0.51–0.63) and 0.83 (0.76–0-98) according to TC and CCA, re-
spectively (the 95% confidence intervals are displayed in brackets). Our
estimates show a smaller gap: 0.571 and 0.714 for TC and CCA refer-
ences. The sensitivity estimate is similar even when using all non CCA-
references together: 0.566 (0.531–0.599). When the reference is CCA,
the estimate for sensitivity presented in (Crobach et al., 2016) is quite
different from ours. This is even more relevant, since a large number of
studies are common. The number of studies used is also similar and the
biggest difference is related to the age of the studies, since we only
considered studies published between 2009 and 2019, instead of all
studies published until 2016. However, as trim and fill method pointed
out for a possible publication bias, it is important to carefully analyse
the results associated to this reference.

Sensitivity seems to increase with the prevalence rate. This con-
clusion does not depend on the chosen reference. Onset diarrhea is a

classic symptom of CDI infection. The observed relation to a higher EIA
sensitivity probably share an underlying effect with the prevalence rate.
Moreover, the lowest p-values are found in both cases when CCA is the
reference. Some other risk factors associated to CDI infection (e.g. use
of antibiotics, proton pump inhibitor (PPI) medication or cancer che-
motherapy) were found in very few studies which did not allow us to
test for further associations.

Only two studies were performed in a pediatric population using
unformed stools. Hence, it was not possible to directly compare the EIA
performance in an adult population versus a population aged no more
than 18 years old. No significant relation was found when comparing
individuals older than two years with adults.

In TC, toxigenicity may be confirmed by PCR, CCA or EIA. We found
a significantly lower performance when CCA is the chosen procedure. In
(René et al., 2012), the possible influence of this choice was already
suggested. It would be interesting in the future to design an experiment
for a direct assessment of these differences and how they can/are af-
fecting the assessment of the EIAs.

NAAT and TC have the same target (Wilcox, 2012) and NAAT is
highly sensitive and specific, as shown in a recent review study. NAAT
detects a gene that encodes toxin and not the toxin itself (Carroll,
2011). In addition to the two traditional references (TC and CCA), we
showed that NAAT can be used as a reference method. In this context of
evaluation of EIAs that screen for toxins A and B, TC and NAAT are
similar reference methods.

5. Conclusions

The guidelines for CDI are based on pooled means established for
sensitivity and specificity. Under those estimates, predictions about the
performance of some algorithms for screening toxigenic CDI is easily
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Fig. 7. Reading from the left to the right, it is displayed the SROC curve for the bivariate model when CCA and non-CCA are reference. Sens: sensitivity; fpr: false
positive rate.

Table 2
Test performance under several conditions related to the sample (in each
condition the top/below line displays the results for CCA/non-CCA reference).
A p-value lower than 0.05 or 0.01 is identified with * or **. ND: not done.

Sensitivity(yes/no) p-value

Low prevalence 0.641/0.768 0.027*
0.535/0.591 0.049*

Unformed stools and only adults ND
0.545/0.492 0.104

All diarrhea 0.801/0.658 0.012*
0.607/0.537 0.026*

Table 3
Test performance under several conditions when TC is the reference. A p-value lower than 0.05 or 0.01 is identified with * or **.

Sensitivity(yes/no) p-value

Ethanol shock performed 0.580/0.561 0.32
Incubation more than 48 h 0.580/0.566 0.382
Toxin detection by CCA 0.474/− 0.001**/0.015* (compared to PCR/EIA)
Toxin detection by PCR 0.617/− 0.001**/0.300 (compared to CCA/EIA)
Toxin detection by EIA 0.588/− 0.015*/0.300 (compared to CCA/PCR)
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derived. However, we have shown that some prior information about
the sample, reference performance or even about the EIA choice can
result in values for sensitivity quite different from the overall pooled
results. In this way, this work sets the importance of establishing more
individual guidelines rather than general guidelines. For instance, in a
case of onset diarrhea the use of a EIA (low cost) may be more ad-
visable.
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