
A systematic review of the clinical,
public health and cost-effectiveness of
rapid diagnostic tests for the detection
and identification of bacterial intestinal
pathogens in faeces and food

I Abubakar,1* L Irvine,1 CF Aldus,2 GM Wyatt,2

R Fordham,1 S Schelenz,3 L Shepstone,1

A Howe,1 M Peck2 and PR Hunter1

1 School of Medicine, Health Policy and Practice, University of East Anglia,
Norwich, UK

2 Institute of Food Research, Norwich Research Park, Norwich, UK
3 Department of Microbiology, Norfolk and Norwich University Hospital,

Norwich, UK

* Corresponding author

HTAHealth Technology Assessment 
NHS R&D HTA Programme
www.hta.ac.uk

Health Technology Assessment 2007; Vol. 11: No. 36

Executive summaryD
et

ec
ti

on
 a

nd
 id

en
ti

fic
at

io
n 

of
 b

ac
te

ri
al

 in
te

st
in

al
pa

th
og

en
s 

in
 fa

ec
es

 a
nd

 fo
od

Copyright notice
© Queen's Printer and Controller of HMSO 2007HTA reports may be freely reproduced for the purposes of private research and study and may be included in professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertisingViolations should be reported to hta@hta.ac.ukApplications for commercial reproduction should be addressed to HMSO, The Copyright Unit, St Clements House, 2–16 Colegate, Norwich NR3 1BQ



Background
Technological advances have increased the speed
of diagnostic testing for many diseases. However,
for bacterial food poisoning, stool culture, which
can take up to 1 week, is still the only method
routinely used for diagnosis in most UK
microbiology laboratories.

The principle methodologies emerging for the
rapid diagnosis of food poisoning are
immunoassays, which detect antigens or antibodies
from pathogens, and polymerase chain reaction
(PCR), a commonly used technique to amplify and
detect pathogenic DNA/RNA. Both techniques
may significantly reduce the detection time for
pathogens in faecal or food samples, compared
with traditional culture methods.

This systematic review focused on the use of rapid
tests for six bacterial food-borne pathogens:
Salmonella, Campylobacter, Escherichia coli O157,
Clostridium perfringens, Staphylococcus aureus and
Bacillus cereus. Diagnostic accuracy was assessed,
and an economic model was subsequently
developed, assessing costs and cost-effectiveness of
PCR and immunoassays, compared with culture.

Methods
Standard systematic review methods were applied.
Literature was identified from electronic databases
and further handsearching. Study findings were
extracted using a predesigned and piloted tool in
duplicate to avoid errors. The methodological
quality of studies was assessed using a standard tool. 

Data synthesis
Sensitivity, specificity and diagnostic odds ratios
were presented in forest plots. Studies within
clinically appropriate groups were subjected to
meta-analysis. Evidence for heterogeneity was
assessed using a �2 test and the I2 statistic. Where
correlation between sensitivity and specificity was
evident (measured using Spearman’s �), a
summary receiver operating characteristic (SROC)
curve was generated. Area under the curve (AUC)
was the main measure of diagnostic accuracy. In
the absence of correlation, pooled estimates of

sensitivity and specificity were presented. Evidence
of publication bias was examined using funnel
plots of log odds ratios.

Results
The electronic search identified 1853 studies, 87
of which were included in this review. The quality
of studies was variable for studies included in
meta-analysis; however, in studies discussed
narratively (principally for toxin-inducing
pathogens), reporting was generally poor.

Clinical effectiveness
Campylobacter
SROC analysis was performed on six studies,
evaluating PCR for the 16s rRNA gene.
Combining 4495 samples, AUC was 0.987 [95%
confidence interval (CI) 0.984 to 0.989]. Four
studies (2078 samples) evaluated the ProSpecT
immunoassay (Alexon-Trend), and reported an
overall AUC of 0.862 (95% CI 0.568 to 1.000). 

Salmonella
Identified test methods included PCR, Wellcolex
Colour agar, MUCAP test, Wampole Bactigen and
AutoMicroBic identification system. Combining
2134 samples (from seven studies), the AUC value
for PCR was 0.995 (95% CI 0.985 to 1.000);
however, publication bias was evident. Other tests
exhibited very high diagnostic odds ratios (DORs),
ranging from 264 (95% CI 116.9 to 597.6)
(Wampole Bactigen) to 2951 (95% CI 710.9 to
12000) (Wellcolex Colour). 

E. coli
SROC analysis for PCR assays showed very high
diagnostic accuracy (AUC 0.996, 95% CI 0.990 to
1.000); however, publication bias was evident,
compared with VTEC-Screen reverse passive latex
agglutination (RPLA) results (AUC 0.994, 95% CI
0.982 to 1.000), which was not affected by
publication bias. The Premier enterohaemorrhagic
Escherichia coli (EHEC) immunoassay had high
pooled sensitivity and specificity values (0.935 and
0.997, respectively), which were not correlated.
Other entrohaemorrhagic E. coli tests evaluated
included ProSpecT, Duopath Verotoxin,
ImmunoCard Stat and RidaScreen Verotoxin.
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A very limited number of studies evaluated rapid
diagnostic methods against an appropriate
reference standard for C. perfringens, B. cereus and
staphylococcal food poisoning. Therefore, it was
not possible to assess effectiveness using statistical
methods. 

Although traditional culture is the logical
reference test to use, on many occasions the rapid
test outperformed culture, detecting more positive
cases of food-borne illness. Immunological and
PCR tests may be useful for ‘multiplexing’, thereby
providing simultaneous speciation or
characterisation. 

Cost-effectiveness
Cost estimates for each test method were derived
from published sources, contact with manufacturers
and discussion with laboratory staff. A decision
analytic model was developed to assess their cost-
effectiveness and the sensitivity of these results to
changes in various parameters in the model was
assessed. 

Evidence about the relative costs of implementing
rapid diagnostic methods in practice is sparse and
highly uncertain. The isolation rate of the
reviewed pathogens is low in laboratories. This
implies that the provision of routine tests can be
very expensive. At the baseline, testing one sample
for Campylobacter, Salmonella and E. coli will cost
£18.85 with PCR, £15.66 with immunoassays and
£15.01 by culture methods. The most sensitive
parameter in the decision analytic model is the
isolation rate for each pathogen. Adoption of
rapid tests in combination with routine culture is
unlikely to be cost-effective; however, as the cost of
rapid technologies decreases, total replacement
with rapid technologies may be feasible. With
multiplex PCR tests, if multiple pathogens could
be simultaneously detected in the same reaction
tube, molecular diagnosis may prove very cost-
effective; however, there are insufficient published
evaluations of these assays at present. 

Conclusions
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.

Implications for research
The effectiveness and cost-effectiveness of
emerging tests for more than one organism at a
time, such as multiplex PCR and DNA 
microarrays technologies, require further
investigation.

Substantial evidence suggests that rapid assays
may be more sensitive than culture methods.
Attempting to evaluate diagnostic tests in the
absence of a true gold standard creates
methodological challenges. 

Implications for practice
The feasibility of conversion to rapid methods is
dependent on localised considerations, including
the community prevalence rates for specific
pathogens, the skill base and subsequent 
training costs for laboratory staff and spare
capacity available to ensure adequate laboratory
space for new equipment. Although these tests
show good promise for the future, further studies
are needed to assess their immediate use in
practice.
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