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CONTEXT AND POLICY ISSUES  
 
Shiga toxigenic E.coli (STEC),  which is also referred to as Shiga toxin producing E.coli, is 
responsible for sporadic cases of infection as well as for outbreaks.1 STEC infection generally 
results in abdominal pain and watery diarrhea, which in some cases may progress to bloody 
diarrhea and hemorrhagic colitis.1 It is estimated that 5% to 15% of infected individuals will 
develop complications such as hemolytic uremic syndrome (HUS) which is characterized by 
hemolytic anemia, thrombocytopenia, and acute renal failure.1,2 HUS is a life threatening 
condition and individuals at high risk include children, the elderly, and immunocompromised 
individuals.3,4 
 
STEC is sometimes referred to as enterohemorrhagic E. coli (EHEC) and verocytotoxigenic 
E.coli (VTEC).5,6 The most commonly identified STEC strain in North America is E.coli O157:H7 
and it is sometimes referred to as E.coli O157 or just O157.6  STEC expresses genes for one or 
more subtypes of Shiga toxin, including stx1 and stx2. Stx2 is associated with more severe 
disease and risk of HUS.7 
 
It is estimated that there are over 200 different serotypes of STEC, and at least 150 are 
pathogenic for humans.2 The STEC strains are generally categorized as O157 and non-O157 
mostly for historical reasons as the serotype O157 was discovered first and thought to be more 
prevalent and virulent than other serotypes.2 However, some non-O157 strains have been 
shown to be at least as prevalent as O157 and to be associated with similar disease severity.2 
Data obtained from surveys has shown that STEC infection caused by non-O157 serotypes 
ranged between 24% in Japan and 82% in the Netherlands.8 An enhanced surveillance study in 
Manitoba indicated that STEC infection caused by non-O157 serotypes was 63%.8 
 
STEC can be transmitted by consumption of contaminated food and water, by contact with 
animals harbouring the organism, and by person-to-person transmission. Early and rapid 
detection of the pathogen can be useful in preventing the spread of the infection. Traditionally, 
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culture based diagnostic tests were used to detect bacterial enteric pathogens.9 A variety of 
detection methods are now available such as enzyme linked immunoassays (EIA) and 
molecular methods involving polymerase chain reaction (PCR). There are several assay types 
in each of these categories. 
 
Infectious gastroenteritis has important economic and social implications both for the community 
and the healthcare system due to its high rate of occurrence and associated morbidity and 
mortality.9 The World Health Organization estimates that worldwide, 1.7 billion people suffer 
from diarrheal disease every year and approximately 760,000 children of age less than five 
years die of diarrheal disease every year.10 In Canada, the 2013 estimates of incidence rates 
were 1.34 per 100,000 people for O157 and less than 0.5 per 100,000 for non-O157 strains.11 
Accurate, early, and rapid detection of the pathogens will be important in order to facilitate 
prevention of the spread of infection. 
 
The purpose of this report is to review the diagnostic accuracy of methods for the identification 
of STEC, the clinical utility of STEC testing, the cost-effectiveness of STEC screening, and the 
evidence-based guidelines regarding STEC screening. 
 
RESEARCH QUESTIONS  

 
1. What is the diagnostic accuracy of different methods for the identification of shiga-

toxigenic E. coli (STEC) in clinical fecal samples? 
 
2. What is the clinical utility of STEC testing in patients with diarrhea of unknown etiology? 
 
3. What is the cost-effectiveness of STEC screening in patients with diarrhea of unknown 

etiology? 
 
4. What are the evidence-based guidelines regarding STEC screening from fecal samples in 

primary care settings? 
 
KEY FINDINGS  
 
Evidence from HTAs and observational studies suggests that PCR methods for detection of 
Shiga toxigenic E.coli (STEC) have a high degree of accuracy. The sensitivity of the 
immunoassay methods varied widely.  
 
No studies investigating clinical utility of STEC testing in patients with diarrhea of unknown 
etiology were identified. 
  
It appears from one economic evaluation that the cost-effectiveness, expressed as cost per 
case detected, was similar for the various strategies using culture methods, EIA, and PCR. 
However, due to the limited availability of cost data definitive conclusions were not possible. 
 
One guideline recommended that stool samples from patients with community acquired diarrhea 
submitted for testing should be cultured for O157 STEC and simultaneously tested for non-
O157 STEC with an assay capable for detecting Shiga toxins. 
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METHODS  
 
Literature Search Strategy 
 
A limited literature search was conducted on key resources including PubMed, The Cochrane 
Library, University of York Centre for Reviews and Dissemination (CRD) databases, ECRI, 
Canadian and major international health technology agencies, as well as a focused Internet 
search. No filters were applied to limit the retrieval by study type. Where possible, retrieval was 
limited to the human population. The search was also limited to English language documents 
published between January 1, 2005 and June 2, 2015. 
 
Selection Criteria and Methods 
 
One reviewer screened citations and selected studies. In the first level of screening, titles and 
abstracts were reviewed and potentially relevant articles were retrieved and assessed for 
inclusion. The final selection of full-text articles was based on the inclusion criteria presented in 
Table 1. 
 

Table 1:  Selection Criteria 

Population 
 

Any patient with diarrhea 

Primary care/first line testing 

Intervention 
 

Quantitative real-time PCR for STEC/EHEC detection (stx1/stx2 
genes) 

Immunochemical testing (EIA and ELISA kits) for shiga-like toxins 

STEC-specific chromogenic agar 

Conventional culture-based methods (sorbitol MacConkey agar plates 
[SMAC]) 

Comparator 
 

Reference testing 

Index tests compared to each other 

No testing (for clinical utility and cost-effectiveness) 

Outcomes 
 

Analytical validity: sensitivity, specificity, PPV, NPV, concordance 

Clinical utility: clinical decisions including prescription of other tests or 
treatments, patient outcomes (diarrhea, hemolytic uremic syndrome, 
renal failure, etc.), hospital length of stay 

Cost-effectiveness of testing 

Testing guidelines 

Study Designs 
 

Health technology assessments (HTA), systematic reviews (SR), 
meta-analyses (MA), and randomized controlled trials (RCT), non-
randomized studies (NRS) and evidence-based guidelines 

 
Exclusion Criteria 
 
Studies were excluded if they did not satisfy the selection criteria, if they were duplicate 
publications, or were published prior to 2005. Studies reporting sensitivity of a particular method 
by confirming only the positive test results with another method were excluded. Studies already 
included in an included health technology assessment or systematic review, were excluded. 
Studies on the identification of multiple organisms that did not report results separately for 
STEC were excluded. 
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Critical Appraisal of Individual Studies 
 
Critical appraisal of a study was conducted based on an assessment tool appropriate for the 
particular study design. The AMSTAR checklist12 was used for systematic reviews; the 
QUADAS 2 tool13 for diagnostic studies; the British Medical Journal checklist14 for economic 
studies and the AGREE II tool15 for evidence-based guidelines.  
 
For the critical appraisal, a numeric score was not calculated. Instead, the strength and 
limitations of the study were described narratively. 
 
SUMMARY OF EVIDENCE 
 
Quantity of Research Available 
 
A total of 529 citations were identified in the literature search. Following screening of titles and 
abstracts, 489 citations were excluded and 40 potentially relevant reports from the electronic 
search were retrieved for full-text review. Two potentially relevant publications were retrieved 
from the grey literature search. Of these potentially relevant articles, 23 publications were 
excluded for various reasons, while 19 publications met the inclusion criteria and were included 
in this report. These 19 publications comprised of two HTA reports,4,10 16 non-randomized 
studies1,2,7,16-28 and one evidence-based guideline.5  Appendix 1 describes the PRISMA 
flowchart of the study selection. 
 
Summary of Study Characteristics 
 
Characteristics of the included HTAs, non-randomized studies, economic evaluation, and 
evidence based guideline are summarized below and details are provided in Appendices 2 and 
3. 
 
Health Technology Assessments 
 
Two relevant HTA reports4,10 were identified. One HTA10 was published from the United States 
of America (USA) in 2015 and one HTA4 was published from the United Kingdom (UK) in 2007. 
 
One HTA10 investigated tests using nucleic acid based gastrointestinal pathogen panels (GPP) 
for the diagnosis of gastroenteritis. The objective of this HTA was to evaluate the diagnostic 
accuracy and cost-effectiveness of the assay methods using GPP and to determine if testing 
with these methods resulted in improved health outcomes, compared with standard diagnostic 
methods. Among the several bacteria investigated, STEC was included and results were 
reported separately. There were nine studies on STEC detection and the sample sizes ranged 
from 245 to 3,457. The studies were published between 2012 and 2014. Outcomes reported 
included specificity, sensitivity, positive percent agreement (PPA), and negative percent 
agreement (NPA). No economic studies were identified in this HTA.   
 
One HTA4 investigated diagnostic tests for the detection of bacterial intestinal pathogens in 
feces and food and included a section specifically on STEC. It included 27 studies on STEC 
with sample sizes ranging from 18 to 3,948 and reported on a variety of STEC identification 
tests such as conventional polymerase chain reaction (c-PCR), real time PCR (rt-PCR), and 
enzyme immunoassay (EIA). The studies were published between 1994 and 2005. Outcomes 
reported included sensitivity and specificity. It also included an economic evaluation.   



 
 

STEC screening    5 
 
 

Non-randomized studies 
 
Sixteen relevant non-randomized studies1,2,7,16-28 investigating a variety of methods for the 
detection of STEC were identified. Five studies1,16,17,26,28 investigated immunoassays, four 
studies7,19,20,27 investigated culture based methods, four studies18,21,24,25 investigated PCR, two 
studies2,23 investigated immunoassays and culture based methods and one study22 investigated 
immunoassays, PCR and cell cytotoxicity assays. Six studies1,2,17,20,24,27 were published between 
2007 and 2015 from Canada, four studies18,23,25,26 were published from USA between 2007 to 
2013, two studies were published from Germany between 2011 and 2012. One study each was 
published from Australia (2013),7 Austria (2007),28 France (2013),19 and Italy (2015).16 The 
sample size varied between 16 and 5,110. Outcomes reported included sensitivity, specificity, 
positive predictive value (PPV) and negative predictive value (NPV). Sensitivity was available 
from all the 16 studies, specificity was available from 15 studies,1,7,16-28 PPV, and NPV were 
available from  eight studies.7,17-20,23,27,28 
 
Economic studies 
 
No economic evaluations were identified. However, the included HTA report4 published from the 
UK in 2007 contained an economic evaluation. This economic evaluation investigated the cost-
effectiveness of the diagnostic tests for identification of bacterial pathogens. A decision analytic 
model was used. The diagnostic test methods considered were routine culture method, enzyme 
linked immunosorbent assay (ELISA), and rt-PCR.  The testing period was set at one year, the 
viewpoint was that of the UK National Health Services (NHS) and the setting was a hypothetical 
UK laboratory testing 10,000 fecal samples for enteric pathogens annually. Cost effectiveness 
of the diagnostic test was expressed as cost per case identified. The analysis was based on the 
cost of the testing and did not consider factors such as changes in treatment or health outcomes 
as a result of testing. 
 
Guideline 
 
One evidence based guideline5 regarding diagnosis of STEC was identified. It was published by 
Centers of Disease Control and Prevention (CDC) from USA in 2009. It provided 
recommendations for the diagnosis of STEC by clinical laboratories. The recommendations 
were not graded. 
 
Summary of Critical Appraisal 
 
The strength and limitations of the included HTAs, non-randomized studies, economic 
evaluation and guideline are summarized below and details are provided in Appendix 4. 
 
Health Technology Assessments 
 
Two relevant HTA reports4,10 were identified. The HTA reports were appraised using the 
AMSTAR checklist. 
 
In one HTA report10 the objective, inclusion and exclusion criteria were stated, a comprehensive 
literature search was undertaken, and a list of included studies was provided. Characteristics of 
the individual studies were provided but not in detail. The study selection process was not 
described and a list of excluded studies was not provided. It was unclear if article selection and 
data extraction were done in duplicate, whether quality assessment of the studies was 
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conducted, or if publication bias was explored. Meta-analysis was not conducted as studies 
appeared to be heterogeneous. There was no mention of conflict of interest. 
 
In one HTA report4 the objective, inclusion and exclusion criteria were stated, a comprehensive 
literature search was undertaken, study selection was described, and lists of included and 
excluded studies were provided. Article selection and data extraction were done in duplicate, 
characteristics of the individual studies were presented, quality assessment of the studies was 
conducted, and meta-analysis was performed when appropriate. Publication bias was explored 
and there appeared to be potential for bias. It was mentioned that there was no conflict of 
interest. 
 
Non-randomized studies 
 
Sixteen relevant non-randomized studies1,2,7,16-28 investigating a variety of methods for the 
detection of STEC were identified. Some studies reported on multiple methods. There were five 
main categories: immunoassay, culture based method, cell cytotoxicity assay, rt-PCR and 
multiplex PCR. For three studies2,22,23 investigating multiple methods, the findings have been 
presented separately. For consistency, the critical appraisal results have also been arranged 
similarly, hence these three studies are presented multiple times depending on the category. 
Quality of the studies was assessed, based on the QUADAS 2 instrument which has four 
domains. Domain 1 pertains to patient selection, Domain 2 pertains to the conduct and 
interpretation of the index test, Domain 3 pertains to the conduct and interpretation of the 
reference test, and Domain 4 pertains to the patient flow and timing. With respect to patient 
selection, risk of bias was considered to be low if there was no apparent inappropriate exclusion 
of patients. With respect to index test, risk of bias was considered to be low if the index test 
results were interpreted without the knowledge of the reference test results. With respect to 
reference test, risk of bias was considered to be low if the reference test results were interpreted 
without the knowledge of the index test results. With respect to patient flow and timing, risk of 
bias was considered to be low if all the patients were included in the analysis and if the time 
interval between the index and reference test appeared appropriate. Risk of bias was 
considered unclear if details were lacking and hence assessing quality assessment was not 
possible. Risk of bias for the various studies are summarized below. Generally, there appeared 
to be no major concerns regarding applicability of findings considering the patients included in 
the studies, the index test, and the reference test.  
 
Immunoassays compared with other tests 
 
Eight studies1,2,16,17,22,23,26,28 investigating immunoassays compared with other tests were 
identified. Risk of bias related to the patient selection was low in seven studies,1,2,16,17,22,23,26 and 
unclear in one study.28 Risk of bias related to the index test was low in three studies16,23,26 and 
unclear in five studies.1,2,17,22,28 Risk of bias related to the reference test was low in one study26 
and unclear in seven studies.1,2,16,17,22,23,28 Risk of bias related to flow and timing was low in 
three studies23,26,28 and unclear in five studies.1,2,16,17,22 
 
Culture based methods compared with other methods 
 
Six studies2,7,19,20,23,27 investigating culture based methods compared with other tests were 
identified. Risk of bias related to the patient selection was low in five studies,2,19,20,23,27 and high 
in one study.7 Risk of bias related to the index test was low in three studies20,23,27 and unclear in 
three studies.2,7,19 Risk of bias related to the reference test was low in two studies20,27 and 
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unclear in four studies.2,7,19,23 Risk of bias related to flow and timing was low in four 
studies19,20,23,27 and unclear in two studies.2,7 
 
Vero cell cytotoxicity assay (VCA) compared with other methods  
 
One study22 investigating the cell cytotoxicity assay compared with other tests was identified. 
Risk of bias related to patient selection was low. Risks of bias related to the index test, the 
reference test and the flow and timing of test were unclear. 
 
Real time PCR (rt-PCR) compared with other methods 
 
Three studies22,24,25 investigating rt-PCR compared with other tests were identified. Risk of bias 
related to the patient selection was low in two studies,22,25 and high in one study.24 Risks of bias 
related to the index test and reference test were unclear in all three studies.22,24,25 Risk of bias 
related to flow and timing was low in two studies24,25 and unclear in one study.22  
 
Multiplex PCR compared with other methods 
 
Two studies18,21 (33) investigating M-PCR compared with other test were identified. Risk of bias 
related to the patient selection was low in one study,18 and high in one study.21 Risk of bias 
related to the index test was high in one study21 and unclear in one study.18 Risk of bias related 
to the reference test was high in one study21 and unclear in one study.18 Risk of bias related to 
flow and timing was unclear in both studies. 
 
Economic study 
  
No individual economic studies were identified but one relevant economic evaluation was found 
in the included HTA report.4 This economic evaluation was appraised using the British Medical 
Journal checklist. The objectives, the strategies assessed, the time horizon, and the perspective 
were stated. Effectiveness data were obtained from systematic reviews and meta-analysis. 
Sources of the cost data were stated in many instances. A decision analytic model was used for 
the analysis and sensitivity analyses were conducted. There was no discounting. No 
incremental analysis was reported. 
 
Guideline 
 
One relevant evidence based guideline5 was identified. It was prepared by the CDC. The 
guideline was appraised using the AGREE II tool. The scope and purpose were clearly stated. 
The guideline development group was comprised of individuals from relevant areas such as 
public health laboratories, emerging infections programs, and university medical departments. 
The methods used by the CDC for guideline development, appear to be based on the guideline 
methodology of the Healthcare Infection Control Practices Advisory Committee which appears 
to be rigorous, involving a targeted systematic review, a literature search of multiple databases, 
draft review by content experts, and posting of the draft for public comment. However, it was not 
explicitly stated if this methodology was followed for this particular guideline. Cost implications 
or organizational barriers were not discussed. Conflicts of interest of the guideline development 
group members were not stated. 
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Summary of Findings 
 
The findings are summarized below and the details are provided in Appendices 5 and 6. 
 
What is the diagnostic accuracy of different methods for the identification of shiga-toxigenic E. 
coli (STEC) in clinical samples?  
 
HTA 
 
Two relevant HTA reports4,10 were identified. 
 
One HTA10 indicated that the diagnostic accuracy of detecting STEC with tests using nucleic 
acid based GPP was generally high. It reported high sensitivity or PPA and high specificity or 
NPA with the BD MAX enteric bacterial panel and xTAG GPP, based on three studies for each 
method (Appendix 5). It also reported high sensitivity or PPA and high specificity or NPA with 
the FlimArray Gastrointestinal panel kit, FTD Bacterial Gastroenteritis panel, ProGastro SSCS 
and Seeplex Diarrhea ACE detection system based on one study each. With the RIDA Gene 
EHEC/EPEC Panel the NPA was high but the PPA varied considerably. This HTA10 did not 
identify any cost-effectiveness studies on nucleic acid based GPP or any studies on the 
improvement in health outcomes resulting from  testing, using nucleic acid based GPP 
compared with standard diagnostic methods. 
 
One HTA4 investigated the diagnostic accuracy of a variety of tests for detecting bacterial 
intestinal pathogens in feces and food. The results specifically pertaining to the detection of 
STEC in fecal samples are presented here (Appendix 5). Of the 27 included studies, three 
studies had multiple comparisons and hence appear twice in Appendix 5 depending on the test 
and reference test category. Studies were pooled when appropriate and summary estimates 
were provided. Summary estimates for sensitivity and specificity on pooling studies on EIA 
(Premier EHEC) using SMAC culture or banked strains as reference test, were 0.92 (95% 
confidence interval [CI]: 0.86 to 0.97) and 0.98 (95% CI: 0.97 to 0.99) respectively. Pooled 
summary estimates for sensitivity and specificity on reverse passive latex agglutination (RPLA) 
(VTEC screen) using culture or cell cytotoxicity as a reference test were 0.99 (95% CI: 0.95 to 
1.02) and 0.99 (95% CI: 0.97 to 1.00) respectively. Sensitivity and specificity values for each 
individual study were available and are presented as a single value or as maximum and 
minimum values in case of test categories with multiple studies (Appendix 5)  
 
Non-randomized studies (NRS) 
 
Sixteen relevant studies comparing various methods for identifying STEC in clinical stool 
samples were identified. Results from these studies are summarized below and presented as 
five categories: immunoassays, culture based assay, cytotoxicity assay, rt-PCR and multiplex 
PCR with each method being compared to other methods (Tables 2 - 6). For three studies2,22,23 
investigating multiple methods, the results have been separated and presented in the relevant 
category.  
 
Immunoassays compared with other methods 
 
Eight studies1,2,16,17,22,23,26,28 compared immunoassays with other methods for the identification of 
STEC in stool samples (Table 2 ). The sensitivity varied between 19.0% and 100.0% and the 
specificity varied between 79.8% and 100.0% (Table 2). In two studies22,23 comparing EIA with 
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culture based methods, the sensitivity and specificity varied between 76.8% and 96.0% and 
between  99.4% and 99.7%, respectively. One study17 investigating three methods comprising 
of two types of EIA and rt-PCR and considering a result to be positive when at least two of the 
three methods gave positive results, showed the sensitivity was 70.0% for direct stool samples 
and ranged between 80.0% and 85.0% for broth enriched samples with EIA and was 95.0% for 
broth enriched samples with rt-PCR (Table 2) and the specificity varied between 98.2% and 
100.0%. The sensitivity varied between 28.6% and 100% with EIA using PCR as a reference 
test in two studies2,16 and between 83.9% and 96.8% with EIA using a cell cytotoxicity assay as 
the reference test.in one study.26 The specificity was 100% with EIA using PCR as a reference 
test in one study16 and between 99.8% and 100% with EIA using cell cytotoxicity assay as the 
reference test in one study.26 The sensitivity and specificity was between 88.0% and 100% and 
between 99.4% and 100%, respectively, with an optical immunoassay (OIA)  using a cell 
cytotoxicity assay as the reference test in one study.26 The sensitivity varied between 19% and 
100% with immunochromatography (ICM) using PCR as the reference test in three studies.1,2,28 
The specificity varied between 62.0% and 99.1% with ICM using PCR as the reference test in 
two studies.1,28  
 
PPV varied between 20% and 100% and NPV varied between 93% and 100% across the 
studies (Table2). 
 

Table 2:  Immunoassays compared with other methods 

Study Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

EIA compared with other tests 

Gerritzen,22 
2011 

EIA 
(enrichment 
based test) 

Enriched 
culture 

754  76.8 99.4 NR NR 

Hermos,23 
2011 

EIA (premier 
EHEC) 

Culture 
confirmed 
by HSLI 

5110  96.0 (86.3 
to 99.5)  
 

99.7 (99.5 
to 99.8)  
 

76.2 
(63.8 
to 
86.0)  

99.9 
(99.9 
to 100 

 Chui,17 
2015, 
Canada 

EIA (Shiga 
Toxin Chek) - 
stool 

A result 
was 
considered 
to be 
positive 
when at 
least two 
of three 
tests were 
positive 

784 70.0 99.4 73.7 99.2 

EIA (Shiga 
Toxin Chek) - 
Broth 

80.0 98.2 53.3 99.5 

EIA (Shiga 
Toxin  Quik 
Chek) - stool 

70.0 99.9 93.3 99.2 

EIA (Shiga 
Toxin  Quik 
Chek) - broth 

85.0 100.0 100.0 99.6 

rt-PCR - 
broth 

95.0 100.0 100.0 99.9 

Monno,16 
2015 
 
 

EIA (ELISA) rt-PCR 16 100 100 NR NR 
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Table 2:  Immunoassays compared with other methods 

Study Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

Vallieres,2 
2013 

EIA (Premier 
EHEC) 

rt-PCR 632 28.6 NR NR NR 

EIA (IMC; 
(ImmunoCard 
STAT!) 

rt-PCR 632 19.0 NR NR NR 

Grif,28 2007, 
Austria 

EIA (Premier 
EHEC 
ELISA) 

PCR 145 (Std 
method)  

94.6  
 

96.3  
 

90  
 

98  
 

95 (Mod 
method) 

96.6 98.5 97 98 

ICM (DV-test 
TM) 

 PCR 145 (Std 
method) 

46.2 
(Stx1), 
75.0 
(Stx2)  

79.8 
(Stx1), 
99.1 
(Stx2)  

20 
(Stx1), 
95 
(Stx2)  

93 
(Stx1), 
94 
(Stx2)  

95 (Mod 
method) 

80.0 
(Stx1), 
100.0 
(Stx2)  

81.3 
(Stx1), 
62.0 
(Stx2) 

53 
(Stx1), 
35 
(Stx2) 

94 
(Stx1), 
100 
(Stx2) 

Chui,1 2013 EIA (IMC; 
ImmunoCard 
STAT!) 

rt-PCR 819 35 99 NR NR 

Teel,26 2007, 
USA 

OIA 
(SHIGATOX) 

Vero 
cytotoxicity 
assay 

742 
fresh 
stool 
samples  

96.8/100a 99.4/100b NR NR 

EIA (Premier 
EHEC) 

83.9/96.8a 99.8/100b NR NR 

OIA 
(SHIGATOX) 

Vero 
cytotoxicity 
assay 
 

85 
frozen 
stool 
samples  

88.5/88.0a 100/100b NR NR 

EIA (Premier 
EHEC) 

84.6/86.0a 100/100b NR NR 

EHEC = enterohemorrhagic  E. coli, EIA = enzyme immunoassay, HSLI = Hinton State Laboratory Institute, ICM = 
immunochromatography, , NR = not reported, OIA = optical immunoassay, PCR = polymerase chain reaction,  rt-PCR 
= real time PCR, std = standard 
 
a
Sensitivity reported for direct stool samplel / broth enriched sample 

b
Specificity reported for direct stool sample / broth enriched sample 

 
Culture based methods compared with other methods 
 
Six studies2,7,19,20,23,27 compared culture based methods with other methods for the identification 
of STEC in stool samples (Table 3). The sensitivity varied between 16.7% and 96.3% and the 
specificity varied between 83.7% and 99.9 % (Table 3). In three studies19,23,27 the sensitivity and 
specificity varied between 58.0% and 96.3% and between  83.7% and 99.9% respectively for 
the culture method using another culture method as reference. In two studies2,7 the sensitivity 
varied between 16.7% and 50% with the culture method using PCR as the reference method. In 
one study7 the specificity varied between 93.1% and 93.8% with the culture method using PCR 
as the reference method. In one study20 the sensitivity and specificity was 85.7% and 95.8% 
respectively with the culture method using a cell cytotoxicity assay as the reference method. 
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The PPV varied between 5.6% and 100% and the NPV varied between 98.0% and 100% (Table 
3). 
 

Table 3:  Culture based methods compared with other methods 

Study Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

Gouali,19 
2013 

CHROMagar 
STEC 

Standard 
(Drigalski 
agar) 

329 91.4 83.7 40 98.8 

Mccallum,7  
2013 

CHROMagar 
STEC 

Easy-Plex 
MT-PCR 

282 50.0 93.1 13.6 98.9 

CT-SMAC 16.7 93.8 5.6 98.0 

Vallieres,2 
2013 

SMAC  rt-PCR 632 23.8 NR NR NR 

Wylie,20 
2013 

CHROMagar 
STEC 

Cytotoxin 
assay 

205 85.7 95.8 60.0 98.9 

Hermos,23 
2011 

SMAC Culture 
confirmed by 
HSLI 

5,110 58.0 (43.2 
to 71.8)  
 

99.9 (99.9 
to 100)  

96.7 

(82.8 

to 

99.9)  

99.6 
(99.4 
to 
99.7) 

 Church,27 
2007 

SMAC CHROMagar 
O157 

3,116 96.3 99.96 100 100 

 CT-SMAC = cefixime tellurite sorbitol MacConkey,  MT-PCR = multiplex tandem PCR,  NPV = negative predictive 
value, PCR = polymerase chain reaction,  PPV = positive predictive value, rt-PCR = real time PCR, SMAC = sorbitol 
MacConkey, STEC = Shiga toxin producing E.coli 
 
Vero cell cytotoxicity assay (VCA) compared with other methods  
 
One study22 reported on sensitivity and specificity for the cell cytotoxicity assay (Table 4). PPV 
and NPV were not reported 
 

Table 4:  Vero cell cytotoxicity assay compared with other methods 

Study Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

Gerritzen,22 
2011 

Vero cell 
cytotoxicity 
assay  

Enriched 
culture 

754  83.9 99.2 

 
Real time PCR (rt-PCR) compared with other methods 
 
Three studies22,24,25 compared rt-PCR with other methods for the identification of STEC in stool 
samples (Table 5). Sensitivity varied between 91% and 100% and specificity varied between 
84% and 100% (Table 5). PPV and NPV were not reported 
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Table 5:  Real time PCR (rt-PCR) compared with other methods 

Study Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

Gerritzen,22 
2011 

rt-PCR 
(direct) 

Enriched culture 754  96.4 97.8 

Chui,24 2010, 
Canada 

rt-PCR 
(TaqMan) 

A true positive was 
defined as a sample 
that yielded at least 3 
positive results for the 
5 test methods. A true 
negative was defined 
as a sample that 
yielded at least 3 
negative results for 
the 5 test methods 

36  100/100a  100/100b 

rt-PCR 
(HybProbe) 

91/96a 100/100b 

rt-PCR 
(SYBR 
Green)  

100/92a 84/100b 

rt-PCR 
(LUX) 

100/100a  100/100b 

c-PCR 94/96a 84/100b 

Grys,25 2009, 
USA 

rt-PCR EIA (ProSpecT) and 
culture CHROMagar 
O157 & SMAC 

289 100 100 

c-PCR = conventional PCR, EIA = enzyme linked immunoassay, PCR = polymerase chain reaction,  rt-PCR 
= real time PCR, SMAC = sorbitol MacConkey 
 
a
Sensitivity reported for Stx1/Stx2 

b
Specificity reported for Stx1/Stx2 

 
Multiplex PCR compared with other methods 
 
Two studies18,21 compared multiplex PCR with other methods for the identification of STEC in 
stool samples (Table 6). Sensitivity varied between 94% and 100% and specificity was 100% 
(Table 6).PPV and NPV were 100% (Table 6). 
 

Table 6:  Multiplex PCR  compared with other methods 

Study Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

Navidad,18 
2013 

GPP-ASR 
(Luminex 
xTAG) 

SMAC & 
microscopy 
for E.Coli 
O157:H7 

254 100 (55 to 
100) 

100 (95 to 
100) 

100 
(55 to 
100) 

100 
(95 to 
100) 

GPP-ASR 
(Luminex 
xTAG) 

EIA & rt-
PCR for 
EHEC/STEC 

254 94 (79 to 
99) 

100 (98 to 
100) 

100 
(87 to 
100) 

100 
(87 to 
100) 

Zhang,21 
2012  

rt-M-PCR c-M-PCR + 
culture  

132  100 100 NR NR 

ASR = analyte specific reagent, c-PCR = conventional PCR, EIA = enzyme immunoassay, GPP = gastrointestinal 
pathogen panel,  MT-PCR = multiplex tandem PCR, NPV = negative predictive value,  PCR = polymerase chain 
reaction, PPV = positive predictive value, rt-M -PCR = real time  multiplex PCR,  SMAC = sorbitol MacConkey,  
 
What is the clinical utility of STEC testing in patients with diarrhea of unknown etiology? 
 
No studies on the clinical utility of STEC testing in patients with diarrhea of unknown etiology 
were identified. 
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What is the cost-effectiveness of STEC screening in patients with diarrhea of unknown etiology? 
 
One HTA report4 included an economic evaluation on the various diagnostic tests for detecting 
bacterial intestinal pathogens in fecal samples. Cost-effectiveness of the diagnostic test was 
expressed as cost per case detected. In case of E.coli detection, the cost per case detected 
with various strategies, considering laboratory testing of 10,000 fecal samples per year and a 
baseline isolation rate of 0.11 did not appear to differ much (Table 7). Sensitivity analysis 
demonstrated that the economic model results were most sensitive to changes in isolation rate 
and less sensitive to small changes in costs or diagnostic accuracy.  Results of sensitivity 
analyses using various isolation rates are available in Appendix 5.  
 

Table 7: Cost-effectiveness for detecting E. coli with various strategies 

Strategy Cost per 
sample (£) 

Cost per case 
detected (£) 

Status quo  - culture 4.99 5,273.20 

Culture replaced by rt-PCR  5.22 5,025.18 

Culture replaced by EIA 5.44 5,405.38 

Culture and additional testing by rt-PCR for high-risk patients 5.66 5,306.20 

Culture and additional testing by ELISA for high-risk patients 5.44 5,343.75 

Culture and additional testing by rt-PCR for all patients for 
E.coli only 

5.89 5,514.38 

EIA = enzyme immunoassay, PCR = polymerase chain reaction, rt-PCR = real time PCR 
Note: Cost per sample using culture method and EIA pertain to E. coli O157 

 
Considering the additional cases detected with rt-PCR and ELISA compared with the culture 
method, the cost per additional case detected appears to favor rt-PCR (Table 8). 
 

Table 8: Cost per additional case detected with other methods compared with culture 
method 

Strategy Cost per sample (£) EHEC cases 
detected per 10, 000 
tests 

Cost per EHEC case 
detected (£) 

rt-PCR 5.22 18 2,933.91 

ELISA 5.44 17 3,206.25 

Culture 4.99 11 4,536.20 
EHEC = enterohemorrhagic  E. coli, EIA = enzyme immunoassay, PCR = polymerase chain reaction, rt-PCR = real 
time PCR 
 
The authors however, mentioned that the limited availability of cost data made it difficult to 
confidently assess the cost-effectiveness of each method. They also mentioned that there was 
insufficient evidence available to evaluate the impact of the rapid diagnostic testing in an 
outbreak situation. 
 
In a few of the included clinical reports, some cost data were mentioned but no analysis was 
conducted. The cost information is included in Appendix 5. 
 
What are the evidence-based guidelines regarding STEC screening from fecal samples in 
primary care settings? 
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One relevant evidence-based guideline5 was identified. It recommended that stool samples from 
patients with community acquired diarrhea submitted for testing should be cultured for O157 
STEC and simultaneously tested for non-O157 STEC with an assay capable for detecting 
Shiga toxins. It also mentioned that although EIA and methods using PCR are useful tools for 
diagnosing STEC infection, they should not replace testing with culture methods. Details are 
available in Appendix 6. 
 
Limitations 
 
The quality of the included studies in one HTA varied considerably and study quality was not 
reported in one HTA. The HTA published in 2007 included many older studies and as 
techniques have evolved over the years, this needs to be considered in interpreting results. 
 
Details of the index test and reference test methods were not always provided. In addition, for 
PCR, some investigators used commercially available kits whereas others used in-house 
methods. Hence comparison across studies was difficult.  
 
Reference tests varied across studies. There appeared to be no true gold standard reference 
test. Lack of a true gold standard creates methodological challenges and impacts interpretation 
of test results. It also makes comparisons across studies difficult.   
 
In many of the studies it was unclear if the results of the index test were interpreted without the 
knowledge of the results of the reference test or the reverse scenario. Hence the potential for 
bias cannot be ruled out. 
 
No studies were identified on the clinical utility of STEC testing in patients with diarrhea of 
unknown etiology. With the lack of available data on patient outcomes resulting from the 
implementation of the different testing strategies, the impact on the overall effectiveness and 
subsequent cost-effectiveness was unclear.  
 
One economic evaluation was identified and the authors mentioned that the limited availability 
of cost data made it difficult to assess confidently the cost-effectiveness of each method. 
 
One evidence-based guideline provided recommendations for STEC testing. It did not however 
provide any grading of the recommendations. 
 
CONCLUSIONS AND IMPLICATIONS FOR DECISION OR POLICY MAKING  
 
Two HTA reports, sixteen non-randomized studies and one evidence based guideline, that 
addressed one or more research questions, were identified. No economic studies were 
identified. One HTA report mentioned that no economic studies were identified and one HTA 
included a primary economic analysis.  
 
Evidence from the HTAs and non-randomized studies suggests that PCR methods for detection 
of STEC have a high degree of accuracy (sensitivity > 90% and specificity > 90%). The 
sensitivity of the EIA methods varied widely depending on the type of EIA method and the type 
of reference method used for comparison and the specificity in most instances was > 90%.  
 
The economic evaluation using a decision analytic model demonstrated that the cost-
effectiveness, expressed as cost per case detected, was similar for the various strategies using 
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culture method, ELISA, or PCR. However, the authors mentioned that the limited availability of 
cost data made it difficult to assess confidently the cost-effectiveness of each method.  
 
One evidence based guideline recommended that stool samples from patients with community 
acquired diarrhea submitted for testing should be cultured for O157 STEC and simultaneously 
tested for non-O157 STEC with an assay capable for detecting Shiga toxins. 
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ABBREVIATIONS  

 
ASR  analyte specific reagent 
CDC  Center for Disease Control and Prevention 
c-PCR  conventional PCR 
CT-SMAC cefixime tellurite sorbitol MacConkey 
E.coli  Escherichia coli 
EHEC  enterohemorrhagic E. coli  
EIA  enzyme immunoassay 
ELISA  enzyme linked immunosorbent assay  
GPP  gastrointestinal pathogen panel 
h  hour 
HICPAC Healthcare Infection Control Practices Advisory Committee 
HSLI  Hinton State Laboratory Institute 
HTA  health technology assessment 
HUS  hemolytic uremic syndrome 
ICM  immunochromatography 
m  minute 
MT-PCR multiplex tandem PCR 
NA  not applicable 
NPA  negative percent agreement 
NPV  negative predictive value 
NR  not reported 
NRS  non-randomized study 
OIA  optical immunoassay 
PCR  polymerase chain reaction 
PPA  positive percent agreement 
PPV  positive predictive value 
RPLA  reverse passive latex agglutination 

rt-M-PCR real time multiplex PCR 
rt-PCR  real time polymerase chain reaction 
SMAC  sorbitol MacConkey 
SR  systematic review 
std  standard 
STEC  Shiga toxin producing E.coli 
VCA  verocell cytotoxicity assay 
VTEC  verocytotoxigenic E.coli 
USA  United States of America 
UK  United Kingdom 
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APPENDIX 1:  Selection of Included Studies 
 
 
 
 
 
 

  489 citations excluded 

40 potentially relevant articles 
retrieved for scrutiny (full text, if 

available) 

2 potentially relevant 
reports retrieved from 
other sources (grey 

literature, hand 
search) 

42 potentially relevant reports 

23 reports excluded: 
-irrelevant intervention (1) 
-no comparator or unclear 
comparator (2) 
-irrelevant comparison (5) 
-irrelevant sample (2) 
-irrelevant outcome (9) 
-irrelevant design (1) 
-study already included in at least 
one of the selected HTA reports (2) 
-other (discussion paper) (1) 
 

19 reports included in review 

529 citations identified from 
electronic literature search and 

screened 
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APPENDIX 2:  Characteristics of Included Studies 

First Author, 
Publication 
Year, Country 

Study Design, 
Duration 

Patient 
Characteristics, 
Sample Sizea (N) 

Comparisona Outcomesa 
Measured 

Health Technology Assessments (HTA) 
ECRI report,

10
 

2015, USA 
 HTA was 
undertaken to 
determine (1) 
the diagnostic 
accuracy of 
nucleic acid-
based GI 
pathogen panels 
and (2) if using 
nucleic acid-
based GI 
pathogen panels 
resulted in 
improved health 
outcomes 
compared with 
standard 
diagnostic 
methods. 
A broad range 
of bacteria were 
considered and 
included among 
them were E.coli 
O157, STEC 
stx1/stx2,and 
VTEC. 

Patients with symptoms 
of infectious colitis or 
gastroenteritis (stool 
samples) 
 
N = 10,339 patients 
(from 9 studies 
investigating STEC) 

Nucleic acid 
based GI 
pathogen panels 
(GPP) compared 
to standard 
method (bacterial 
stool culture and 
for STEC 
additional tests to 
determine if the 
bacterial sample 
contains a toxin 
gene responsible 
for causing 
gastroenteritis. 

Sensitivity, 
specificity, 
positive 
percent 
agreement, 
negative 
percent 
agreement, 
cost 

Abubakar,
4
 

2007, UK 
 HTA regarding 
the clinical 
public health 
and cost-
effectiveness of 
rapid diagnosic 
tests for the 
detection and 
identification of 
bacterial 
intestinal 
pathogens in 
feces and food. 
A broad range 
of bacteria were 
considered and 
included among 
them were E.coli  
O157, and other 
STEC 

Fecal samples (setting: 
hospital laboratory, 
research laboratory, 
national reference 
laboratory, public health 
laboratory, emergency, 
community) 
 
N = 15,449 (from 27 
studies on E.coli O157 
and other STEC) 

Several tests 
were compared 
with reference 
tests (various): 
c-PCR or rt-PCR 
vs SMAC culture 
(5),  
c-PCR vs banked 
strains (2), 
rt-PCR vs c-PCR 
(2), 
BAX system vs 
SMAC culture (1), 
VTEC screen vs 
SMAC culture or 
Vero cell (5), 
Premier EHEC vs 
SMAC culture (4), 
Premier EHEC vs 
SMAC culture & 
cytotoxicity assay 

Sensitivity, 
specificity’ 
cost-
effectiveness 
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First Author, 
Publication 
Year, Country 

Study Design, 
Duration 

Patient 
Characteristics, 
Sample Sizea (N) 

Comparisona Outcomesa 
Measured 

(1) 
 Premier EHEC vs 
PCR (1), 
Premier E.coli 
O157, LMD 
laboratories, in-
house, ProSpec T 
assay or 
ImmunoCard 
STAT E.coli O157 
vs SMAC culture 
(6), 
Verotox-F assay 
vs Vero cell (1), 
Duopath 
Verotoxin vs 
Premier EHEC 
(1), 
RidaScreen 
Verotoxin vs c-
PCR (1) 

Non-randomized studies 

Chui,17 2015, 
Canada 

Diagnostic 
accuracy and 
prevalence 
study  

784 stool samples 
collected from 1 June to 
31 Aug 2012 at the 
Chinook Regional 
Hospital, Lethbridge, 
Canada 

EIA (2 types: 
Shiga Toxin Chek 
and Shiga Toxin 
Quik Chek; using 
both direct stool 
samples and 
broth enriched 
samples) and rt-
PCR (using broth 
enriched 
samples) 
 
Age(mean) 
(years): 23.5 ( 
range: 1 to 76 
years) 
 
Female/Male: NR 
 

Sensitivity, 
specificity, 
PPV, NPV, 
prevalence 

Chui,
1
 2013, 

Canada 
Diagnostic 
accuracy study 
 

819 stool samples 
collected from 13 July to 
12 November, 2011 and 
submitted to Chinook 
Regional Laboratory in 
Lethbridge, Canada  
(duplicate patient 
samples were excluded) 
 
 

EIA (ImmunoCard 
STAT!) and in-
house rt-PCR 

Sensitivity, 
specificity 
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First Author, 
Publication 
Year, Country 

Study Design, 
Duration 

Patient 
Characteristics, 
Sample Sizea (N) 

Comparisona Outcomesa 
Measured 

Chui,
24

 2010, 
Canada 

Diagnostic 
accuracy study 

36 stool samples 
previously identified to 
contain STEC strains. 
 
Age: NR 
 
Female/Male: NR 

rt-PCR (4 types: 
TaqMan, 
HybProbe, STBR 
green and LUX) 
and c-PCR 

Sensitivity, 
specificity, 
cost, turn 
around time 

Church,
27

 2007, 
Canada 

Diagnostic 
accuracy study 
(testing for E. 
coli O157) 

3,116 stool samples 
collected 15 June to 5 
September, 2006 and 
submitted to Calgary 
Laboratory Services 
 
Age: NR 
 
Female/Male: NR 

CHROMagar and 
SMAC culture 
methods 

Sensitivity, 
specificity, 
PPV, NPV, 
cost 

Gerritzen,
22

 
2011, Germany 

Diagnostic 
accuracy study 

754 fecal samples from 
predominantly 
hospitalized patients 
with diarrhea and/or 
HUS were collected 
from 23 May to 10 June, 
2011 at the Medical 
Laboratory Bremen, 
Germany. 
 
Age: NR  
 
Female/Male: NR 

rt-PCR , EIA, vero 
VCA and culture 
method 
 
(rt-PCR was done 
with direct stool 
samples) 

Sensitivity, 
specificity 

Gouali,
19

 2013, 
France 

 329 stool samples 
collected from 16 June 
2011 to 30 August 2012 
from patients with 
suspected STEC 
infection (diarrhea, 
bloody diarrhea, HUS) 
and received at FNRC-
EcS, Institute Pasteur, 
France 
 
Age: NR (56 children < 
15 years of age and 273 
adults) 
 
Female/Male: NR 

CHROMagar 
STEC culture 
method and 
standard method 
(Drigalski agar) 

Sensitivity, 
specificity, 
PPV, NPV 

Grif,
28

 2007, 
Austria 

Diagnostic 
accuracy study 

240 stool samples (145 
samples were tested 
using the standard 
protocol according to the 
manufacturer’s 
instructions and 95 

IMC (Duopath 
Verotoxin test), 
EIA (Premier 
EHEC), and PCR  

Sensitivity, 
specificity, 
PPV, NPV 
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First Author, 
Publication 
Year, Country 

Study Design, 
Duration 

Patient 
Characteristics, 
Sample Sizea (N) 

Comparisona Outcomesa 
Measured 

samples were tested 
using a modified 
protocol) 
 
Age: NR 
 
Female/Male: NR 

Grys,
25

 2009, 
USA 

Diagnostic 
accuracy study 

289 stool samples (204 
prospectively collected 
samples  and 85 
archived samples) 
 
Age: NR 
 
Female/Male: NR 

rt-PCR and (EIA 
[ProSpecT] and 
culture 
CHROMagar 
O157 and SMAC) 

Sensitivity, 
specificity 

Hermos,
23

 
2011, USA 

Diagnostic 
accuracy study 
(analysis using 
chart review) 

5,110 stool samples 
(Data collected from 
Children’s hospital 
Boston [CHB] records 
from 1 April 2004 to 1 
September, 2009) 
 
Age: NR (children) 
 
Female/Male: NR 

EIA (Premier 
EHEC), SMAC 
culture method 
and culture 
confirmation by 
Hinton Sate 
Laboratory 
Institute (HSLI) 

Sensitivity, 
specificity, 
PPV, NPV 

Mccallum,
7
  

2013, Australia 
Diagnostic 
accuracy study  

282 of 5,677 fecal 
samples submitted 
between 1 December, 
2011 and 31 May, 2012 
to the Diagnostic 
Services Pty Ltd (DSPL) 
laboratories, Tasmania 
were investigated for 
STEC. 
 
Age range: 1 month to 
92 years 
 
Female/Male: 49%/51% 

CHROMagar 
STEC, CT-SMAC 
culture methods 
and Easy-Plex 
MT-PCR 

Sensitivity, 
specificity, 
PPV, NPV 

Monno,
16

 2015, 
Italy 

Diagnostic 
accuracy study 
 

16 stool samples 
received between 20 
July  and 10 September, 
2013 at the Microbiology 
and Virology Laboratory 
of the University 
Hospital Poloclinico of 
Bari, Italy 
 
(7 samples from children 
suspect of HUS, 1 
sample from an adult 

ELISA (E.coli 
Vero [Shiga] 
Toxin Stool 
Antigen detection 
assay) and 
molecular 
methods (rt-PCR)  
which were 
conducted at a 
different 
laboratory 

Sensitivity, 
specificity, 
time required 
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First Author, 
Publication 
Year, Country 

Study Design, 
Duration 

Patient 
Characteristics, 
Sample Sizea (N) 

Comparisona Outcomesa 
Measured 

suspected of HUS and 8 
samples from adults 
having dysentry) 
 
Age: NR 
 
Female/Male: NR 

Navidad,
18

 
2013, USA 

Diagnostic 
accuracy study 
 
(STEC 
investigated 
among several 
other bacteria, 
viruses and 
parasites) 

254 stool samples 
collected from June 
2011 to June 2012. 
Stool samples were 
from either outbreak 
cases or sporadic 
suspected cases of 
gastroenteritis 
originating in hospitals, 
long-term care facilities, 
child care facilities, area 
restaurants, Milwaukee 
refuge screening facility, 
and also from several 
clinical and public health 
partners. 
 
Age: NR 
 
Female/Male: NR 

GPP-ASR 
(Luminex xTAG) 
and (SMAC and 
microscopy) for 
E.coli O157 
 
GPP-ASR 
(Luminex xTAG) 
and (ELA and rt-
PCR) for 
EHEC/STEC 

Sensitivity, 
specificity, 
PPV, NPV 

Teel,
26

 2007, 
USA 

Diagnostic 
accuracy study 

742 fresh stooll samples 
collected from in- 
patients or out-patients. 
 
Age > 5 months  
 
85 frozen stool samples 
Age: NR 

OIA (SHIGATOX) 
and EIA (Premier 
EHEC) 
 
(using both direct 
and broth 
enriched 
samples) 

Sensitivity, 
specificity 

Vallieres,
2
 2013, 

Canada 
Diagnostic 
accuracy study 
 

632 consecutive stool 
samples collected from 
1 June to 30 September, 
2009 from pediatric 
patients at CHU Sainte-
Justine, Montreal, 
Canada. 
 
Age: < 18 years 
 
Female/Male: NR 

EIA (Premier), 
EIA (ImmunoCard 
STAT!), SMAC 
and rt-PCR  

No. of 
positives 

Wylie,
20

 2013, 
Canada 

Diagnostic 
accuracy study 
 

205 stool samples 
received from 13 June 
2011 to 4 April 2012 at 
Cadham Provincial 
Laboratory, Winnipeg, 

CHROMagar 
STEC and 
cytotoxin assay 

Sensitivity, 
specificity, 
PPV, NPV 
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First Author, 
Publication 
Year, Country 

Study Design, 
Duration 

Patient 
Characteristics, 
Sample Sizea (N) 

Comparisona Outcomesa 
Measured 

Canada) 
 
(This is a subset of the 
1,875 stools received as 
not all samples could be 
evaluated due to 
limitations related to 
personnel time and 
CHROMagar STEC 
plate availability) 
 
Age: NR (12 pediatric 
cases and 193 adults) 
 
Female/Male: NR 

 Zhang,
21

 2012, 
Germany 

Diagnostic 
accuracy study 
 

132 stool samples 
received from 23 May to 
31 July 2011, from 
patients with HUS or 
diarrhea 
 
(This is a subset of 
1,207 samples received. 
Of the 1207 samples  
412 samples were 
positive as determined 
by culture method. 
Every 5

th
 culture-positive 

sample and every 15
th
 

culture-negative sample 
was used for rt-PCR) 
 
Age: NR 
 
Female/Male: NR  

rt-M-PCR and (c-
M-PCR and 
culture) 

Sensitivity, 
specificity 

c-PCR = conventional PCR, CT-SMAC = cefixime tellurite sorbitol MacConkey, EHEC = enterohemorrhagic  E. 
coli, EIA = enzyme immunoassay, HSLI = Hinton State Laboratory Institute, HUS = hemolytic uremic syndrome,  
ICM = immunochromatography, MT-PCR = multiplex tandem PCR, NR = not reported, OIA = optical 
immunoassay, PCR = polymerase chain reaction,  rt-PCR = real time PCR, rt-M-PCR = real time multiplex PCR,  
SMAC = sorbitol MacConkey, STEC = Shiga toxin producing E.coli, VCA = vero cell cytotoxicity assay, VTEC = 
verotoxin producing E.coli 
 
a
Information from studies specifically investigating E.coli O157 or other STEC 

Stool cultures (not direct stool samples) were used unless stated otherwise 
Studies were on investigating STEC unless stated otherwise 
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APPENDIX 3:  Characteristic of economic studies 

 

Author, Year, 

Country 

Study design Perspective, 

Time horizon, 

Currency, 

Discounting 

Population Interventions  Outcomes  

Abubakar,
4
 

2007, UK 

 

(Economic 

evaluation 

included in the 

HTA report
4
) 

Cost 

effectiveness 

study 

 

Sensitivity 

analysis 

conducted 

NHS viewpoint 

involving the 

cost of 

microbiological 

investigation 

only; 

 

Testing period 

was set at 1 

year; 

 

Currency: £; 

 

No discounting. 

Stool samples 

from 

individuals 

suffering from 

food borne 

illness 

(samples 

tested for 

bacterial 

pathogens) 

 

The setting 

was a 

hypothetical 

UK 

microbiology 

laboratory 

testing 10, 000 

fecal samples 

for enteric 

pathogens per 

year. 

 

Routine 

bacterial 

culture; 

rt-PCR; ELISA. 

 

Testing was 

carried out 

Monday to 

Friday, 9 am to 

6 pm for all 

methods 

Cost 

effectiveness 

expressed as 

cost per case 

detected. 

 

Cost per 

additional case 

detected by 

various 

methods 

compared with 

bacterial 

culture method 

 

(costs of tests 

used in the 

economic 

model were 

average costs 

and included 

capital costs 

and overheads 

for providing 

these services)  

ELISA = enzyme linked immunosorbent assay; rt-PCR = real time polymerase chain reaction; UK = 

United Kingdom 
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APPENDIX 4:  Summary of Study Strengths and Limitations 

First Author, 
Publication Year, 
Country 

Strengths Limitations 

Health Technology Assessments (HTA) 
ECRI report,

10
 2015, 

USA 
 The objective was clearly stated. 

 The inclusion and exclusion 
criteria were stated. 

 Multiple databases (MEDLINE, 
EMBASE, the Cochrane library 
and PubMed) were searched, 
January 2003 to July 2014. Grey 
literature search was conducted. 
Also reference list of the relevant 
articles were manually searched.  

 List of included studies was 
provided 

 Characteristics of the individual 
studies were provided but not in 
detail 

 

 Study selection was not 
described in detail and no flow 
chart was presented. 

 List of excluded studies was not 
provided 

 Unclear if article selection and 
data extraction were done in 
duplicate 

 Unclear if quality assessment of 
the studies was conducted 

 Unclear if publication bias was 
explored 

 No meta-analysis was attempted, 
studies appeared to be 
heterogeneous 

 There was no mention of conflict 
of interest 

Abubakar,
4
 2007, UK Systematic review 

 The objective was clearly stated. 

 The inclusion and exclusion 
criteria were stated. 

 Multiple databases (MEDLINE, 
EMBASE, and  CINHL [1985 to 
2005], BIOSIS [1969 to 2005] and 
Web of Science [1945 to 2005) 
Grey literature search was 
conducted. Also reference list of 
the relevant articles were 
manually searched.  

 Study selection was described 
and flow chart was presented 

 List of included and excluded 
studies were provided 

 Article selection and data 
extraction were done in duplicate 

 Characteristics of the individual 
studies were provided 

 Quality assessments of studies 
were conducted using the 
QUADAS tool 

 Meta-analysis was conducted 
when appropriate 

 Publication bias was explored 
using Funnel plot (in case of 
meta-analysis with 4 or more 
studies).The Begg and Mazumdar 

Systematic review 

 Exploration of publication bias 
indicated potential for bias  
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First Author, 
Publication Year, 
Country 

Strengths Limitations 

adjusted rank correlation test for 
publication bias was also used.  

 It was mentioned that there was 
no conflict of interest 

Appraisal of the economic evaluation is presented in the Economic study 
section of this table. 

Non-randomized studies 

 Strengths and Limitations 

Chui,17 2015, Canada  Domain 1: Patient selection  
• Risk of bias: low • Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: unclear  
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low 
 
Domain 4: Flow and timing  
• Risk of bias: unclear 

Chui,
1
 2013, Canada Domain 1: Patient selection  

• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: unclear  
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low 
 
Domain 4: Flow and timing  
• Risk of bias: unclear 

Chui,
24

 2010, Canada Domain 1: Patient selection  
• Risk of bias: high (samples previously identified to contain STEC strains) 
• Concerns regarding applicability: unclear 
 
Domain 2: Index test(s)  
• Risk of bias: unclear 
• Concerns regarding applicability: low  
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low   
 
Domain 4: Flow and timing  
• Risk of bias: low 
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First Author, 
Publication Year, 
Country 

Strengths Limitations 

Church,
27

 2007, 
Canada 

Domain 1: Patient selection  
• Risk of bias: low   
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: low   
• Concerns regarding applicability: low  
 
Domain 3: Reference standard  
• Risk of Bias: low 
• Concerns regarding applicability: low  
 
Domain 4: Flow and timing  
• Risk of bias: low 
 

Gerritzen,
22

 2011, 
Germany 

Domain 1: Patient selection  
• Risk of bias: low   
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: unclear   
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability:  low 
 
Domain 4: Flow and timing  
• Risk of bias: unclear 

Gouali,
19

 2013, France Domain 1: Patient selection  
• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: unclear 
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability:  low 
 
Domain 4: Flow and timing  
• Risk of bias: low 
 

Grif,
28

 2007, Austria Domain 1: Patient selection  
• Risk of bias: unclear 
• Concerns regarding applicability: unclear 
 
Domain 2: Index test(s)  
• Risk of bias: unclear  
• Concerns regarding applicability: low 
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First Author, 
Publication Year, 
Country 

Strengths Limitations 

Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability:  low 
 
Domain 4: Flow and timing  
• Risk of bias: low 

Grys,
25

 2009, USA Domain 1: Patient selection  
• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: unclear  
• Concerns regarding applicability: low  
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low  
 
Domain 4: Flow and timing  
• Risk of bias: low 

Hermos,
23

 2011, USA Domain 1: Patient selection  
• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: low  
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability:  low 
 
Domain 4: Flow and timing  
• Risk of bias: low 

Mccallum,
7
  2013, 

Australia 
Domain 1: Patient selection  
• Risk of bias: high (not all samples tested; 282 of 5677 samples were selected 
for investigation based on inclusion and exclusion criteria)  
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: unclear  
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low  
 
Domain 4: Flow and timing  
• Risk of bias: unclear 
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First Author, 
Publication Year, 
Country 

Strengths Limitations 

Monno,
16

 2015, Italy Domain 1: Patient selection  
• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low  
 
Domain 4: Flow and timing  
• Risk of bias: unclear 

Navidad,
18

 2013, USA Domain 1: Patient selection  
• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: unclear  
• Concerns regarding applicability: low  
 
Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low   
 
Domain 4: Flow and timing  
• Risk of bias: unclear 

Teel,
26

 2007, USA Domain 1: Patient selection  
• Risk of bias: low  
• Concerns regarding applicability: low  
 
Domain 2: Index test(s)  
• Risk of bias: low   
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: low 
• Concerns regarding applicability:  low 
 
Domain 4: Flow and timing  
• Risk of bias: low 

Vallieres,
2
 2013, 

Canada 
Domain 1: Patient selection  
• Risk of bias: low  
• Concerns regarding applicability: low  
 
Domain 2: Index test(s)  
• Risk of bias: unclear   
• Concerns regarding applicability: low 
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First Author, 
Publication Year, 
Country 

Strengths Limitations 

Domain 3: Reference standard  
• Risk of Bias: unclear 
• Concerns regarding applicability: low 
 
Domain 4: Flow and timing  
• Risk of bias: unclear 

Wylie,
20

 2013, Canada Domain 1: Patient selection  
• Risk of bias: low 
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: low  
• Concerns regarding applicability: low 
 
Domain 3: Reference standard  
• Risk of Bias: low  
• Concerns regarding applicability:  low 
 
Domain 4: Flow and timing  
• Risk of bias:low 

Zhang,
21

 2012, 
Germany 

Domain 1: Patient selection  
• Risk of bias: high ( a subset of 132 samples selected from 1,207 samples for 
which results were already known by culture method)  
• Concerns regarding applicability: low 
 
Domain 2: Index test(s)  
• Risk of bias: high (results were already known by culture method) 
• Concerns regarding applicability: low  
 
Domain 3: Reference standard  
• Risk of Bias: high (results were already known by culture method) 
• Concerns regarding applicability: low  
 
Domain 4: Flow and timing  
• Risk of bias: unclear 

Economic study 

Abubakar,
4
 2007, UK 

 
(This HTA report 
included an economic 
evaluation) 

 Objectives were stated. 

 The strategies compared were 
stated 

 Time horizon and perspective 
were stated 

 Effectiveness data were obtained 
from systematic reviews and 
meta-analyses. 

 Cost data were obtained from 
databases 

 Decision analytical model was 
used 

 Sensitivity analyses were 
conducted 

 There was no discounting 

 Incremental analysis was not 
reported. 
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First Author, 
Publication Year, 
Country 

Strengths Limitations 

 Conclusions were consistent with 
the results reported 

Guideline 

CDC,
5
 2009, USA  The scope and purpose were 

clearly stated. 

 The guideline development group 
comprised of individuals from 
relevant areas (public health 
department, public health 
laboratory, emerging Infections 
Program, University Medical 
departments). 

 The methods used for the 
development of the guidelines 
appear to be based on HICPAC 
guideline methodology

29
 which 

appear to be rigorous (it includes 
a targeted systematic review, 
literature search on multiple 
databases, article selection and 
data extraction performed by one 
or more reviewers, draft reviewed 
by content experts, and posting of 
draft for public comment). 

 

 Cost implications or 
organizational barriers were not 
discussed. 

 Conflict of interest of guideline 
development group members 
were not stated 

 
 
 

HICPAC = Healthcare Infection Control Practices Advisory Committee 
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APPENDIX 5:  Main Study Findings and Authors’ Conclusions 
 

First 
Author, 
Publication 
Year, 
Country 

Main Findings and Authors’ Conclusion 

Health Technology Assessments (HTA) 
ECRI eport,

10
 

2015, USA 
Main Findings: 

 
Test (using 
nucleic acid 
based GPP) 

Ref Test No. of 
samples  

Sensitivity 
(%) 

Specificity 
(%) 

PPA
a
 

(%) 
NPA

b
 

(%) 

BD Max Enteric 
Bacterial Panel 

Bacterial 
culture or 2 of 
3 multiplex 
panels 

434 NA             NA 100 
(25 to 
100) 

99.5 
(98.3 
to 
99.9) 

Bacterial 
culture and 
EIA 

3,457  75 (40.9 to 
92.9)

c
  

 
100 (34.2 
to 100)

d
 

99.3 (98.8 
to 99.6)

c
 

 
99.0 (98 to 
99.5)

d
 

NA NA 

National 
Reference 
Laboratory 

528 100 98.8 NA NA 

FilmArray 
Gastrointestinal 
Panel kit 

PCR with 
bidirectional 
sequencing 

1,556 100 (89.4 
to 100) 

99.7 (99.2 
to 99.9) 

NA NA 

FTD bacterial 
gastroenteritis 
panel 

Bacterial 
culture or 2 of 
3 multiplex 
panels 

434 NA NA 100 
(25 to 
100) 

99.8 
(98.7 
to 
100) 

ProGastro 
SSCS 

Bacterial 
culture and 
EIA 

1,244 100 (63 to 
100 

99.2 (98 to 
100) 

NA NA 

RIDA Gene 
EHEC/EPEC 
panel 

Bacterial 
culture or 2 of 
3 multiplex 
panels 

434 NA NA 0 (0 
to 
97.5) 

99.5 
(98.3 
to 
99.9) 

xTAG GPP EIA 901 NA NA 100 99.4 

DNA 
sequencing 

NA NA 100 99.5 

PCR 440 NA NA 100 99.2 

Bacterial 
culture and 
EIA 

1,534 100 (20.7 
to100) 

98.5 (97.7 
to 99.1) 

NA NA 

Seeplex 
Dairrhea ACE 
detection 
system 

Discrepant 
analysis

e
 using 

bacterial 
culture or 
uniplex PCR 

245  NA NA 100 99.6 

EIA = enzyme immunoassay, GPP = gastrointestinal pathogen panel, NA = not applicable, NPA = 
negative percent agreement, NR = not reported, PCR = polymerase chain reaction,  PPA = positive 
percent agreement 
 
a
Negative percent agreement (NPA) was defined as proportion of patients who received a negative test 

result on the comparator assay who also received a negative test result on the assay under 
investigation. 
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First 
Author, 
Publication 
Year, 
Country 

Main Findings and Authors’ Conclusion 

 
b
Positive percent agreement (PPA) was defined as proportion of patients who received a positive test 

result on the comparator assay who also received a positive test result on the assay under investigation. 
 
c
preserved and unpreserved samples 

 
d
preserved samples only 

 
e
The authors used a discrepant analysis method in which a sample is positive if both the bacterial culture 

and the multiplex PCR have positive results or if either the bacterial culture or the multiplex PCR have 
positive results and a uniplex PCR has positive results. 
 
Note:  
95% confidence limit is inserted within parenthesis. 

 

 
No studies, investigating if using nucleic acid based GI pathogen panels resulted in 
improved health outcomes compared with standard diagnostic procedures, were 
identified. 
 
No cost-effectiveness studies on nucleic acid based GI pathogen panels were 
identified.  
 
Cost information: 
Payment information for nucleic acid based Gastrointestinal Panels (GPP) 
 

Procedure Number  of targets Clinical laboratory fee 
schedule (US$, 2015) 

Gastrointestinal pathogen 
detection by nucleic acid 
of using multiplex reverse 
transcription and multiplex 
amplified probe technique 

3 to 5 235.92 

6 to 11 392.50 

12 to 25 766.47 

 

Authors’ Conclusion: 
The report included a summary of results but no specific conclusions were provided. 
 

Abubakar,
4
 

2007, UK 
Main Findings: 
Sensitivity of various tests to detect STEC 
 

Test Reference 
test 

No. of 
studies 

Effect size 

Minimum Maximum Summary 
estimate 

c-PCR ( all 
but 1 study 
using rt-
PCR)   

SMAC 
culture 

7 0.89 (0.83 
to 0.93) 

1.00 (0.70 
to 1.00) 

NR 

PCR (BAX 
system) 

SMAC 
culture 

1 1.00 (0.68 to 1.00) NA 

rt-PCR c-PCR 2 0.96 (0.94 
to 0.98) 

1.00 (0.92 
to 1.00) 
 

NR 
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First 
Author, 
Publication 
Year, 
Country 

Main Findings and Authors’ Conclusion 

EIA (Premier 
EHEC) 

SMAC 
culture (or 
SMAC and 
cytotoxicity 
in 1 study) 

5 0.82 (0.59 
to 0.94) 

1.00 (0.51 
to 1.00) 

0.92 (0.86 
to 0.97) 

EIA (Premier 
EHEC) 

PCR 1 0.83(0.44 to 0.97) NA 

EIA (several 
types)

a
  

SMAC 
culture 

6 0.86 (0.76 
to 0.93) 

1.00 (0.70 
to 1.00) 

NR 

EIA Verotox 
F assay 

Vero cell 
phenotyping 
assay 

1 1.00(0.94 
to 1.00) 

 NA 

EIA 
(Duopath 
Verotoxin) 

EIA 
(Premier 
EHEC) 

1 1.00 (0.92 
to 1.00) 

 NA 

EIA 
(RidaScreen 
Verotoxin) 

c-PCR 1 0.67 (0.53 
to 0.79) 

 NA 

RPLA 
(VTEC 
screen) 

Culture or 
Vero cell 

5 0.89 (0.56 
to 0.98) 

1.00 (0.51 
to 1.00) 

0.99 (0.95 
to 1.02) 

a
Several types of EIA: Premier E. coli O157, LMD laboratories, in-house, ProSpecT assay, 

ImmunoCard STAT  E. coli O157  

 
Specificity of various tests to detect STEC 
 

Test Reference 
test 

No. of 
studies 

Effect size 

Minimum Maximum Summary 
estimate 

c-PCR ( all 
but 1 study 
using rt-
PCR)   

 7 0.92 (0.65 
to 0.99) 

1.00 (0.76 
to 1.00) 

NR 

PCR (BAX 
system) 

SMAC 
culture 

1 1.00 (0.82 
to 1.00) 

 NA 

rt-PCR c-PCR 2 0.98 (0.95 
to 0.99) 

1.00 (0.99 
to 1.00) 

NR 

Premier 
EHEC 

SMAC 
culture 

5 0.92 (0.90 
to 0.94) 

1.00 (0.99 
to 1.00) 

0.98 (0.97 
to 0.99) 

EIA 
(Premier 
EHEC) 

PCR 1 0.82 (0.72 
to 0.89) 

 NA 

EIA (several 
types)

a
  

SMAC 
culture 

6 0.98 (0.97 
to 0.99) 

1.00 (0.99 
to 1.00) 

NR 

EIA Verotox 
F assay 

Vero cell 
phenotyping 
assay 
 

1 1.00 (0.96 
to 1.00) 

 NA 



 
 

STEC screening    38 
 
 

First 
Author, 
Publication 
Year, 
Country 

Main Findings and Authors’ Conclusion 

EIA 
(Duopath 
Verotoxin) 

EIA 
(Premier 
EHEC) 

1 1.00 (0.97 
to 1.00) 

 NA 

EIA 
(RidaScreen 
Verotoxin) 

c-PCR 1 0.97 (0.94 
to 0.98) 

 NA 

RPLA 
(VTEC 
screen) 

 5 0.67 (0.30 
to 0.90) 

1.00 (0.89 
to 1.00) 

0.99 (0.97 
to 1.00) 

a
Several types of EIA: Premier E. coli O157, LMD laboratories, in-house, ProSpecT assay, 

ImmunoCard STAT  E. coli O157 

 
Cost-effectiveness for detecting E. coli with various strategies Sensitivity 
Analysis 
 

Strategy Cost 
per 
sample 
(£) 

Cost per case detected (£) 

Baseline 
isolation rate 
= 0.11% 

Lowest 
isolation rate 
= 0.01% 

Highest 
isolation rate 
= 0.51% 

Status quo  - culture 4.99 5,273.20 56,800.00 1,113.73 

Culture replaced by 
rt-PCR  

5.22 5,025.18 54,128.46 1,061.34 

Culture replaced by 
ELISA 

5.44 5,405.38 58,223.86 1,141.64 

Culture and additional 
testing by rt-PCR for 
high-risk patients 

5.66 5,306.20 58,623.25 1,149.48 

Culture and additional 
testing by ELISA for 
high-risk patients 

5.44 5,343.75 58,223.86 1,141.64 

Culture and additional 
testing by rt-PCR for 
all patients for E.coli 
only 

5.89 5,514.38 60,870.64 1,193.54 

 

Authors’ Conclusion: 
“Evidence from this systematic review suggests that rapid diagnostic assays, especially 
PCR, for Salmonella, Campylobacter and E. coli O157 are highly accurate. Less is 
known about the benefits of testing for toxin-producing pathogens and the significance 
of additional positives detected by these assays. It is unclear whether the additional 
benefits derived from early diagnosis and more sensitive detection can justify the large 
set-up costs of rapid tests, particularly if they remain diagnostic adjuncts to culture. Any 
decisions regarding the use of these assays must consider the speed of diagnosis 
(including transportation and reporting delays), effect on clinical outcome and costs of 
implementation simultaneously.” P.x 
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Non-randomized studies 

Chui,17 2015, 
Canada 

 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref 
Test 

Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

EIA (Shiga 
Toxin 
Chek) - 
stool 

NA 784  70.0 99.4 73.7 99.2 

EIA (Shiga 
Toxin 
Chek) - 
Broth 

NA 80.0 98.2 53.3 99.5 

EIA (Shiga 
Toxin  Quik 
Chek) - 
stool 

NA 70.0 99.9 93.3 99.2 

EIA (Shiga 
Toxin  Quik 
Chek) - 
broth 

NA 85.0 100.0 100.0 99.6 

rt-PCR - 
broth 

NA 95.0 100.0 100.0 99.9 

 

Authors’ Conclusion: 
“In conclusion, the EIAs evaluated in this study are viable alternatives to amplification 
assays for frontline microbiology laboratories as a primary screening method for STEC. 
However, the challenge still remains for the reference laboratories to find a less labor-
intensive method to isolate and identify the specific type of non-O157 STEC isolates.” 
P. 1021 
 

Chiu,1 2013, 
Canada 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref 
Test 

Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

EIA (IMC; 
ImmunoCard 
STAT!) 

rt-
PCR 

819  35 99 NR NR 

 

Authors’ Conclusion: 
“In a routine clinical microbiology laboratory where molecular diagnostic methods may 
be unavailable due to a variety of reasons, sensitive enzyme immunoassay or lateral 
flow devices targeting detection of STEC would be the preferred method for the 
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detection of O157 and non-O157 STEC. The ImmunoCard STAT!® assay was 
selected for this study mainly due to the ease of performance for a routine microbiology 
laboratory and dedicated equipment or extensive training is not required. However, 
real-time PCR or any form of amplification assay remains comparatively and 
significantly more sensitive than existing immunoassay methods. Until a more sensitive 
and a less labor-intensive screening method becomes commercially available, real-
time PCR remains the most reliable method for clinical laboratories wishing to detect 
non-O157 STEC from stool specimens.” P. 12 
 

Chui,
24

 2010, 
Canada 

 

Main Findings: 
 
Sensitivity and specificity 
 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

rt-PCR 
(TaqMan) 

A true positive was 
defined as a 
sample that yielded 
at least 3 positive 
results for the 5 
test methods. A 
true negative was 
defined as a 
sample that yielded 
at least 3 negative 
results for the 5 
test methods 

36 stool 
samples 
(Sensitivity 
and 
specificity 
reported 
for 
Stx1/Stx2) 

100/100  100/100 

rt-PCR 
(HybProbe) 

91/96 100/100 

rt-PCR 
(SYBR 
Green)  

100/92 84/100 

rt-PCR 
(LUX) 

100/100  100/100 

c-PCR 94/96 84/100 

Note: PPV and NPV were not reported 

 
Cost and time requirement of test 
 

Test Cost per 25 samples 
(C$) 

Time requirement 

rt-PCR (TaqMan) 58.94 3h 30m 

rt-PCR (HybProbe) 196.11 2h 

rt-PCR (SYBR Green)  73.30 2h 40m 

rt-PCR (LUX) 138.08 4h 10m 

c-PCR 53.35 4h 10m 
 

Authors’ Conclusion: 
“This evaluation concluded that the TaqMan-based probes were most appropriate in 
high throughput clinical diagnostic laboratories in consideration of cost, 
turn around time, and assay performance. P. 469 
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Church,
27

 2007, 
Canada 

Main Findings: 
 
Sensitivity and specificity 
 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

SMAC CHROMagar 
O157 

3,116  96.3 99.96 100 100 

 
 
Study cost for 3,116 samples assayed by each method 
 

Item Assay with SMAC agar Assay with CHROMagar 

Cost of medium(C$) 872.48 5,297.20 

Cost of other material 
(C$) 

1,223.25 445.04 

Total time spent by 
medical laboratory 
technologist (h) 

220.8  70.1 

Total study cost (C$) 10,744.12 8,501.77 
 

Authors’ Comment/Conclusion: 
“The improved diagnostic performance and efficiency of CHROM would allow more 
appropriate management of E.coli O157 cases and outbreaks.” P. 3099 
 

Gerritzen,
22

 
2011, Germany 

 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

rt-PCR 
(direct) 

Enriched 
culture 

754  96.4 97.8 NR NR 

EIA 
(enrichment 
based test) 

Enriched 
culture 

754  76.8 99.4 NR NR 

Vero cell 
cytotoxicity 
assay 
(VCA)  

Enriched 
culture 

754  83.9 99.2 NR NR 

 

Authors’ Conclusion: 
“The direct fecal stx real-time PCR proved superior to enrichment based VCA and EIA 
and can be recommended as a quick and sensitive tool for the early diagnosis of STEC 
infection in addition to microbiological culture.” P. 993 
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Gouali,
19

 2013, 
France 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

CHROMagar 
STEC 

Standard 
(Drigalski 
agar) 

329 91.4 83.7 40 98.8 

 

Authors’ Conclusion: 
“In conclusion, the good performance of CHROMagar STEC agar medium, in 
particular, the high negative predictive value, and its capacity to identify NSF O157:H7 
as well as common non-O157 STEC may be useful for clinical bacteriology, public 
health, and reference laboratories; it could be used in addition to a method targeting 
Shiga toxins (detection of stx genes by PCR, immunodetection of Shiga toxins in stool 
specimens, or Vero cell cytotoxicity assay) as an alternative to O157 culture medium. 
This combined approach should allow rapid visualization of both putative O157 and 
non-O157 STEC colonies for subsequent characterization, essential for real-time 
surveillance of STEC infections and investigations of outbreaks.” P. 894 

Grif,
28

 2007, 
Austria 

 

Main Findings: 
 
Diagnostic accuracy 

Test Ref 
Test 

Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

EIA 
(Premier 
EHEC 
ELISA) 

PCR 240 
(enriched) 
(145 std 
method & 
95 Mod 
method) 

94.6 (Stx) 
– Std 
 
96.6 (Stx) 
-- Mod  

96.3 (Stx) 
– Std 
 
98.5 (Stx) 
-- Mod 

90 
(Stx) – 
Std 
 
97 
(Stx) -- 
Mod 

98 
(Stx - 
Std) 
 
98 
(Stx) -- 
Mod 

EIA 
(IMC;  
DV-test 
TM) 

 PCR 240 
(enriched) 
(145 std 
method & 
45 
modified 
method) 

46.2 
(Stx1), 
75.0 
(Stx2) – 
Std 
 
80.0 
(Stx1), 
100.0 
(Stx2) - 
Mod 

79.8 
(Stx1), 
99.1 
(Stx2) – 
Std 
 
81.3 
(Stx1), 
62.0 
(Stx2) - 
Mod 

20 
(Stx1), 
95 
(Stx2) 
– Std 
 
53 
(Stx1), 
35 
(Stx2) 
- Mod 

93 
(Stx1), 
94 
(Stx2) 
– Std 
 
94 
(Stx1), 
100 
(Stx2) 
– Mod 

 

Authors’ Conclusion: 
“In conclusion, we found no advantage in the use of the DVtest™ standard protocol for 
routine screening of human stool samples, with a low sensitivity and specificity and a 
quite high percentage of equivocal results being observed. The modified protocol of the 
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DV-test™ produced more reliable results for direct screening of clinical human stool 
samples. However, this method provides no time benefit when compared with the 
Premier EHEC-ELISA analysis, which has a higher sensitivity and specificity in 
general. Thus, a rapid screening of clinical human stool samples for the presence of 
Stx, in particular, Stx2, has still to be developed.” P.98-99 
 

Grys,
25

 2009, 
USA 

 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref Test Sample size Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

rt-
PCR 

EIA 
(ProSpecT) 
and culture 
CHROMagar 
O157 & 
SMAC 

289 stool 
samples 
(204 
prospectively 
collected 
consecutive 
samples 
submitted to  
the clinical 
microbiology 
laboratory  
and 85 
archived 
samples) 

100 (for 
all  
samples 
and for 
each 
subsets) 

100 (for 
all  
samples 
and for 
each 
subsets) 

NR NR 

 

Authors’ Comment/Conclusion: 
“The PCR assay demonstrated 100% sensitivity and specificity compared to EIA and/or 
culture and more rapid turnaround than either EIA or culture” P. 2008 
 

Hermos,
23

 
2011, USA 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

SMAC Culture 
confirmed 
by HSLI 

5,110 
stool 
samples 

58.0 (43.2 
to 71.8) - 
all STEC 
 
87.9 (71.8 
to 96.6) - 
STEC 
O157:H7 
  
 

99.9 (99.9 
to 100) - 
all STEC 

96.7 

(82.8 

to 

99.9) - 
all 
STEC 

99.6 
(99.4 
to 
99.7)- 
all 
STEC 
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EIA 
(Premier 
EHEC) 

96.0 (86.3 
to 99.5) - 
all STEC 
 
93 (79.8 
to 99.3) - 
STEC 
O157:H7 

99.7 (99.5 
to 99.8) - 
all STEC 
 

76.2 

(63.8 

to 

86.0) - 
all 
STEC  

99.9 
(99.9 
to 
100) - 
all 
STEC 

 

Authors’ Conclusion: 
“The Premier EHEC assay was significantly more sensitive than SMAC culture for 
diagnosis of STEC, and O157:H7 and non-O157:H7 STEC caused infections of similar 
severity in children.” P.955 
 

Mccallum,7  
2013, 
Australia 

Main Findings: 
 
Diagnostic accuracy 

Test Ref 
Test 

Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

CHROMagar 
STEC 

Easy-
Plex 
MT-
PCR 

282 
stool 

50.0 93.1 13.6 98.9 

CT-SMAC Easy-
Plex 
MT-
PCR 
 

 16.7 93.8 5.6 98.0 

 

Authors’ Conclusion: 
“The incidence of STEC associated enteritis in Tasmania was almost six times greater 
than the previously reported Australian average. STEC Screening Easy-Plex MT-PCR 
was more sensitive than both CHROMagar STEC and CT-SMAC media for the 
detection of STEC from preenriched faecal samples.” P.681 
 

Monno,16 
2015, Italy 

 

Main Findings: 
 
Diagnostic accuracy 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

ELISA Molecular 
method 
(PCR) 

16 fecal 
samples 

100 100 NR NR 

 

Authors’ Conclusion: 
“The detection of verotoxin in faecal samples by ELISA is a simple, sensitive, specific 
and rapid method (2 hours) of considerable utility for routine clinical testing laboratories 
without access to more specialized diagnostic procedures.” P.1 (preprint) 
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Navidad,18 
2013, USA 

Main Findings: 
 
Diagnostic accuracy 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

GPP-
ASR 
(Luminex 
xTAG) 

SMAC & 
microscopy 
for E.Coli 
O157:H7 

254 
stool 

100 (55 to 
100) 

100 (95 to 
100) 

100 
(55 
to 
100) 

100 
(95 
to 
100) 

GPP-
ASR 
(Luminex 
xTAG) 

EIA & rt-
PCR for 
EHEC/STEC 

 94 (79 to 
99) 

100 (98 to 
100) 

100 
(87 
to 
100) 

100 
(87 
to 
100) 

 

Authors’ Conclusion: 
“In conclusion, our study determined the performance of the Luminex GPP ASR and 
demonstrated that it could be suitable as a primary screening tool for enteric bacteria, 
viruses, and parasites. We also showed that the sensitivity of assays using GPP ASRs 
was equivalent to or better than that of conventional and molecular test methods 
currently employed by clinical and public health laboratories” P. 3023 

Teel,26 2007, 
USA 

 

Main Findings: 
 
Diagnostic accuracy 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

OIA 
(SHIGATOX) 

Positives 
were 
confirmed 
by a Vero 
cytotoxicity 
assay 
Same as 
above 

742 fresh 
stool 
samples  
 

96.8/100
a
 99.4/100

b 
NR NR 

EIA (Premier 
EHEC) 

83.9/96.8
a 

99.8/100
b 

NR NR 

OIA 
(SHIGATOX) 

Positives 
were 
confirmed 
by a Vero 
cytotoxicity 
assay 
Same as 
above 

85 frozen 
stool 
samples  
 

88.5/88.0
a 

100/100
b 

NR NR 

EIA (Premier 
EHEC) 

84.6/86.0
a 

100/100
b 

NR NR 

a
Sensitivity reported for direct stool samplel / broth enriched sample 

b
Specificity reported for direct stool sample / broth enriched sample 

 

Authors’ Conclusion: 
“Overall, the OIA SHIGATOX kit provided rapid, easy-to-interpret results and was 
highly effective at detection of Shiga toxin-producing E. coli in fecal samples and 
overnight cultures.” P.3377 
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Vallieres,2 
2013, Canada 

Main Findings: 
 
Diagnostic accuracy 

Test Ref 
Test 

Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

EIA (Premier 
EHEC) 

rt-PCR 632 
stool 

28.6
a
 NR NR NR 

EIA 
(ImmunoCard 
STAT!) 

rt-PCR 632 19.0
a
 NR NR NR 

SMAC  rt-PCR 632 23.8
a
 NR NR NR 

a
Calculated from available data 

 
 

Authors’ Conclusion: 
“We conclude that PCR is specific and more sensitive than EIA. PCR should be 
considered for routine use in clinical settings where molecular detection facilities are 
available. Its lower limit of detection, equivalent to the infectious dose, is an obvious 
advantage for patient care and public health surveillance.” P.481 
 

Wylie,20 2013, 
Canada 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

CHROMagar 
STEC 

Cytotoxin 
assay 
 

205 85.7 95.8 60.0 98.9 

 

Authors’ Conclusion: 
“Although CHROMagar STEC is not recommended as a primary screen, our results 
indicate that it is an effective supplemental medium for the isolation of probable STEC. 
Given that current evidence suggests that there is an increasing prevalence of non- 
O157 STEC relative to O157:H7, coupled with the occurrence of several recent 
outbreaks associated with non-O157 STEC, the use of this medium in conjunction with 
other selective media will facilitate the isolation of many STEC serotypes.” P.470 
 

Zhang,21 
2012,  
Germany 

 

Main Findings: 
 
Diagnostic accuracy 
 

Test Ref Test Sample 
size 

Sensitivity 
(%) 

Specificity 
(%) 

PPV (%) NPV (%) 

rt-M-
PCR 

c-M-
PCR + 
culture  

132 stool 
samples 
(E,coli 
O104:H4) 

100 100 NR NR 
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Authors’ Comment/Conclusion: 
“A real-time multiplex PCR targeting stx2, wzyO104, and fliCH4 of enterohemorrhagic 
Escherichia coli (EHEC) O104:H4 correctly determined the presence or absence of 
these genes in 253 EHEC isolates and enrichment cultures of stool samples from 132 
patients. It is a rapid, sensitive, and specific tool for detecting EHEC O104:H4 in 
human stools.” 
 

ASR = analyte specific reagent, c-PCR = conventional PCR, CT-SMAC = cefixime tellurite sorbitol MacConkey,   
EHEC = enterohemorrhagic  E. coli, EIA = enzyme immunoassay, GPP = gastrointestinal pathogen panel,  h = hour, 

HSLI = Hinton State Laboratory Institute, IMC =  immunochromatography, m =- minute,  MT-PCR = multiplex tandem 
PCR,  NPA = negative percent agreement, NPV = negative predictive value,  NR = not reported,  OIA = optical 
immunoassay,  PCR = polymerase chain reaction, PPA = positive percent agreement, PPV = positive predictive 
value, RPLA = reverse passive latex agglutination, rt-PCR = real time PCR, rt-M -PCR = real time  multiplex PCR,  
SMAC = sorbitol MacConkey, std = standard, STEC = Shiga toxin producing E.coli 
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APPENDIX 6:  Guidelines and Recommendations 
 

Guideline 
Society, Country, 
Author, Year 

Recommendations 

Centers for Disease 
Control and Prevention 
(CDC),

5
 USA, 2009 

“”…..the increased use of enzyme immunoassay (EIA) or polymerase chain 
reaction (PCR) to detect Shiga toxin or the genes that encode the toxins (stx1 
and stx2) has facilitated the diagnosis of both O157 and non-O157 STEC 
infections. Although EIA and other non-culture test are useful tools for 
diagnosing STEC infection, they should not replace culture; a pure culture of the 
pathogen obtained by the clinical laboratory (O157 STEC) or the public health 
laboratory (non-O157 STEC) is needed for serotyping and molecular 
characterization (e.g., pulsed field gel electrophoresis [PFGE] patterns), which 
are essential for detecting, investigating, and controlling STEC outbreaks.“ P. 3 
 
“All stools submitted for testing from patients with acute community-acquired 
diarrhea (i.e., for detection of the enteric pathogens Salmonella, Shigella and 
Campylobacter) should be cultured for O157 STEC on selective and differential 
agar. These stool samples should be simultaneously assayed for non-O157 
STEC with a test that detects the Shiga toxins or the genes encoding these 
toxins. All O157 STEC isolates should be forwarded as soon as possible to a 
state or local public health laboratory for confirmation and additional molecular 
characterization (i.e., PFGE analysis and virulence gene characterization). 
Detection of STEC or Shiga toxin should be reported promptly to the treating 
physician, to the public health laboratory for confirmation, isolation, and 
subsequent testing of the organism, and to the appropriate health authorities for 
case investigation. Specimens or enrichment broths in which Shiga toxin or 
STEC are detected but from which O157 was not recovered should be 
forwarded as soon as possible to a state or local public health laboratory.” P.3-4 
 
“….EIA testing of enrichment broth cultures incubated overnight (16 – 24 hours 
at 37°C [99°F], rather than direct testing of stool specimens, is recommended.” 
P.7 
  
“Because of the critical impact of time on diagnosis of STEC, treating patients, 
and recognizing and controlling outbreaks of STEC infections attempting to 
isolate O157 STEC and detect other STEC serotypes simultaneously, rather 
than separately (i.e., conducting a Shiga toxin test to determine whether to 
culture), is recommended. P. 10 
 

 

 
 


