
Gut, 1991,32,467-469

Diagnostic efficiency of an ultrarapid endoscopy
room test for Helicobacter pylori

A V Thillainayagam, A S Arvind, R S Cook, I G Harrison, S Tabaqchali, M J G Farthing

Abstract
There are several reliable methods for detect-
ing Helicobacter pylon but ail have as a
major disadvantage the time required to yield a
definitive result. We have modified the stan-
dard urease test so that a positive result is
available in one minute. We describe the use of
this test in biopsy specimens from the gastric
antrum from 220 consecutive patients referred
for upper gastrointestinal endoscopy. The
performance of the 'one minute test' was
compared with a standard urease test, Gram
stain, and microbiological culture. Using
culture as the 'gold standard' 80 (36%) of the
patients were H pylori positive. The one
minute test produced no false positives and
showed a sensitivity of 89% and specificity of
100%, while the predictive values of a positive
and negative test were 100% anbd 94% respec-
tively. The diagnostic efficiency of the test was
96% compared to 85% for both the Gram stain
and direct urease test. All positive results using
the one minute test were available within one
minute. The test is easy to prepare and costs
approximately £0.04. This new modification of
the urease test should be superior to the
currently available urease tests because a
reliable result will be available in almost 90% of
infected individuals even before endoscopy is
completed.
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A variety ofmethods have been developed for the
detection of Helicobacter pylori in gastric
mucosa.' Non-invasive methods currently avail-
able are serodiagnosis and a breath test using
isotopically labelled urea, but these are not yet in
widespread clinical use. Although of high sensi-
tivity, specificity, and predictive value, the
breath tests2`5 may be limited by expense and,
when ['4C]-urea is used, radiation exposure.

Serological assays have been hindered by a

relatively high number of false negatives and
false positives,' although two new enzyme linked
immunosorbent assays (ELISA) seem to have
improved precision.78 These non-invasive
methods will probably prove useful in un-

ravelling the natural history ofH pylori infection,
and may come to play a part in posttreatment
surveillance programmes. For many, though,
they are not available in daily clinical practice.

Several approaches to diagnosis using gastric
(usually antral) biopsy specimens have been
described but they all have a major disadvantage
in common which is the time required to get a

definitive result. Histological examination of
biopsy sections using a variety of stains`' has
been shown to be quicker and simpler than the
Warthin-Starry silver stain used by Warren and
Marshall,'7.20 but at best the results will not be

available from several hours to two to three days
after endoscopy.2' Histological methods seem to
have a lower specificity than culture because
of the possible presence of other spiral and
Campylobacter like organisms which can be
found in the human stomach.2223 Two recent
immunohistological innovations seem to be
capable of yielding results in under two hours24'2
but neither as yet has been applied outside the
research laboratory. The other diagnostic 'gold
standard' apart from the histological demonstra-
tion ofH pylon in biopsy specimens is culture of
the organism, but this can take three to six days
for the results to be known.2'
An unusual characteristic ofH pylori is rapid

urea hydrolysis due to the presence of large
amounts of preformed urease in the organisms.
The first description of this phenomenon by
Langenberg et a!26 was soon followed by its
application to the diagnosis ofH pylon in biopsy
specimens.27 Christensen's 2% urea broth was
used as enzyme substrate and ammonia produc-
tion detected by the colour change induced in a
pH indicator. In this initial study only 50% of
biopsy specimens containingH pylori were posi-
tive by six hours, some requiring up to 24 hours
to yield a positive result. Since then many
modified versions of the biopsy urease test have
been described, in an attempt to increase speed
and reliability.2`33 But, with even the best of
these, at least 20 minutes is required for a definite
positive result.
We have used preformed urease in H pylori to

detect the organism in gastric biopsy specimens
but found that changing the incubation con-
ditions permitted ultrarapid diagnosis, the
results of which are available in the endoscopy
room even before the instrument is removed
from the patient.' We have now extended these
studies and compared the results ofthis rapid test
with other standard techniques for detecting
H pylon.

Methods
Two antral biopsy specimens were taken from
within 5 cm of the pylorus from 220 consecutive
patients (110 men) referred for oesophagogastro-
duodenoscopy (Olympus GIF XQ10). The mean
age of the patients was 56 years (range 19-94
years). This study was approved by the Ethical
Committee of the City & Hackney Health
District.

MICROBIOLOGICAL CULTURE, GRAM STAIN, AND
STANDARD UREASE TEST
One biopsy specimen was transported to the
microbiology laboratory attached to the inside of
a sterile bijou bottle containing approximately
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0 5 ml sterile saline. All specimens were pro-
cessed within two hours ofreceipt. Using a sterile
swab, the biopsy specimen was smeared on to a
sterile glass slide for Gram staining and using the
same swab the biopsy specimen was then
smeared and inoculated onto a selective medium
(Oxoid BAB No 2 containing Skirrow's formula
for selective supplement) ensuring maximum
contact.3` The remainder of the biopsy was then
placed into 0 5 ml ofChristensen's 2% urea broth
at 370C.`6 The culture plates were then incubated
at 37°C under microaerophilic conditions using
Campypak envelopes in Gas Pak jars (BBL
Microbiology Systems, Becton Dickinson). The
cultures were examined after four and seven

days. Colonies were identified asHpylori by their
characteristic .morphology on Gram stain,
oxidase positivity, and strong production of
urease.

IN VITRO PRODUCTION OF UREASE
OneHpylori strain isolated from an antral biopsy
specimen was used to test urea production in
vitro. Unbuffered solutions of urea in deionised
water at a pH of 6-8 were prepared and to 0 5 ml
aliquots thereofwere added one to two drops of a
1% phenol red (free acid) solution. Using a range
of concentrations of H pylon, we were able to
show an almost immediate colour change from
yellow to pink when 2 x 106 or more bacteria were
added to a 0 5 ml aliquot of urea solution. The
colour change occurred instantaneously over a

range of urea concentrations from 0-025-10%
(w/v).

ONE MINUTE UREASE TEST
An antral mucosal biopsy specimen was placed
immediately into a capped Eppendorf tube con-

taining 0 5 ml freshly prepared 10% urea (w/v) in
deionised water at a pH of around 6.8 to which
had been added two drops of 1% phenol red (free
acid) as a pH indicator. A positive result was
recorded ifthere was a colour change from yellow
to pink within the first minute. Although the
ideal pH for urease activity is 8-2,'3 we have been
unable to improve on the rapidity of the test by
using other pH indicators such as m-cresol (pH
range 7A4-9.0) and thymol blue (pH range 8-0-
9.6).

STATISTICAL ANALYSIS
The results were compared using the 'compari-
son ofproportions from many samples' method.37

Results
Microbiological culture grew H pyloi from 80
(36%) of the 220 patients. These patients are

representative of the workload of most endo-
scopy units, with H pylori being present more

commonly in patients over the age of 45 years
(Table I) and closely associated with peptic
ulcers.
The 'one minute test' correctly identified 71 of

the 80Hpylon positive specimens and there were
no false positives (Table II). Gram stain detected
66 of the 80 positive specimens but there were 10

false positive results as well as a greater number
of false negatives. The conventional urease test
also performed less reliably than the one minute
test. Although there were 86 positive results, 20
were false positives, due almost certainly to the
presence of other urease producing bacteria.38 In
addition, there were 13 false negatives. The one
minute test had a comparable sensitivity to the
conventional urease test (89% v 83%) but had a
greater specificity (100% v 86%; p<0-001).
This makes the predictive value of a positive one
minute test 100% and that of a negative test 94%
- that is, greater than both the Gram stain and the
conventional urease test (p<0O05). The diagnos-
tic efficiency of the one minute test was also
significantly greater than the others (p<0.001).
The major clinical advantage of the one minute
test was that the result was available
immediately, whereas Gram stain took 1-3
hours, conventional direct urease test up to 24
hours, and culture four to seven days.

Discussion
As many patients with dyspepsia are investigated
by endoscopy it seemed appropriate to develop a
rapid diagnostic test for H pylori, the results of
which would be available in the endoscopy room
immediately after the examination. We have
made relatively minor changes to the well estab-
lished urease test for H pylori but now have a
diagnostic approach that yields a positive result
in almost 90% of infected patients within one
minute of retrieving the specimen. All other
invasive and non-invasive methods for detecting
H pylori take considerably longer and thus may
not be available to the clinician during the
endoscopy consultation (Table III). We think the
main reason our modification produces more
rapid results is that the urea in water solution,
unlike Christensen's urea broth, is unbuffered.
Thus any changes in pH will be detected quickly
through their effect on the pH indicator. Our
modification also has the advantage that, unlike

TABLE I Details ofpatients' age and H pylori status

Hpylori status

Negative: No
Age (years) Positive: No (%) (%)

Men
<45 8 (26) 23 (74)
>45 35 (44) 44 (56)

Women
<45 10 (33) 20 (67)
>45 27 (34) 53 (66)

Total 80 (36) 140 (64)

TABLE II Comparative efficiency ofdiagnostic tests for
H pylori

One Gram Direct
Test Culture minute stain urease

Positive 80 71 66 86
Negative 140 149 154 134
False positive - 0 10 20
False negative - 9 23 13
Sensitivity (%) - 89* 70 83
Specificity (%) - 1001 94 86
Positive (%) - 100t§ 85 77

predictive value
Negative (%) - 94t 85 90

predictive value
Efficiency (%) - 96t§ 85 85

One minute v Gram stain *p<0-01; tp<O-001; tp<005; one
minute v direct urease Sp<0-001.
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TABLE III Comparative speeds ofother available diagnostic
tests for H pylori

Method (and reference) Time to positive result

CLO test2 29 20 min-24 h
Microtitre biopsy urease test3' 1-24 h
4 Hour rapid urease test"2 2-4 h
6% Rapid urease test" 20 min-2 h
Modified biopsy urease test4' 1-24 h
Enzyme linked immunosorbent 4-6 h
assay"04

Immunostaining25 Approx 2 h
"C-urea breath test'5 >30 min
"C-urea breath test2 >60 min

the conventional urease test, there were no false
positives. Other bacteria also produce urease,
albeit in much smaller quantities,3638 but under
prolonged incubation in the conventional urea
broth this seems to be sufficient to effect a colour
change. The one minute test will miss approxi-
mately 10% ofH pylori positive patients and one
can therefore make a strong argument for back
up microbiological culture or histology. Gastritis
andHpylori colonisation can be patchy, although
usually in body type mucosa rather than in the
antrum.9 Taking two antral biopsy specimens
may therefore reduce sampling error consider-
ably and improve even further the sensitivity of
the one minute test.
The test solutions are easy to prepare even for a

gastroenterologist, and a single test costs less
than £0.04. Large batches can be prepared at one
time but should be stored in a freezer and only
thawed before use (unpublished observations).
Thus the one minute test has practical advan-

tages for clinical gastroenterologists who require
a rapid, accurate, sensitive, and specific method
of diagnosing H pylori infection in patients with
dyspepsia. In more than 90% ofinfected patients
the presence ofH pylori can be detected in the
endoscopy room even before the instrument is
withdrawn. This may help in planning therapeu-
tic strategies, lead where appropriate to prompt
introduction of treatment, and possibly reduce
recall outpatient appointments.
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