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Since the methods for metronidazole susceptibility testing of Helicobacter pylori have not been standardized
or validated, we compared three methods that are used to test the metronidazole susceptibilities of 25 isolates
of H. pyloni. Specifically, we examined the methods of Steer's replicator agar dilution, tube broth microdilu-
tion, and modified Kirby-Bauer disk diffusion. The metronidazole disk zone sizes obtained by the disk diffusion
method correlated w'ell (r = 0.74) with the MICs obtained by the agar dilution method. Afterward, the disk
diffusion method was used to characterize the metronidazole susceptibilities of 44 isolates of H. pylori. Dual
therapy (bismuth and metronidazole) proved to be highly effective against metronidazole-susceptible strains
(81.6% eradication rate) but fared poorly against resistant strains (16.7% eradication rate; P < 0.01). Using
agar dilution testing, we validated the modified Kirby-Bauer disk diffusion method for metronidazole
susceptibility testing of H. pylori and conclude that it is practical, accurate, and clinically applicable.

Metronidazole resistance among Helicobacter pylon
strains is endemic in Third World countries, and about 15 to
35% of the strains in Western countries are resistant as well
(7, 18). The capacity to test metronidazole susceptibility
prior to initiating therapy permits physicians to tailor ther-
apy appropriately, in the hope of saving time, money, and
patient tolerance. Testing for metronidazole susceptibility
after an apparent therapeutic failure permits a more accurate
evaluation of the failure. More rational second-line therapies
can then be selected.
The purpose of the investigation described here was to

specifically examine the utilities of several methods of test-
ing for metronidazole susceptibility. The Steer's replicator
agar dilution procedure for obtaining MICs was compared
with a tube broth microdilution procedure and the modified
Kirby-Bauer disk diffusion susceptibility test. Subsequently,
the clinical applicability of the modified Kirby-Bauer disk
diffusion method was explored by measuring the eradication
rates of dual therapy (bismuth plus metronidazole) against
susceptible and resistant strains of H. pylon as determined
by that method. Our group was among the first to report on
the utility of the modified Kirby-Bauer disk diffusion method
in testing the metronidazole susceptibilities of H. pylon
strains (14). This report updates our clinical experience in
the application of the method.

MATERIALS AND METHODS

Preparation of bacterial suspensions. H. pylon isolates
were grown on horse blood agar plates (150-mm-diameter
plate, Columbia agar with 7% horse blood) containing GCHI
enrichment (Remel, Lenexa, Kans.) for 4 to 5 days at 37°C in
a 10% CO2 incubator. Each plate was swabbed with a sterile
cotton-tipped applicator, and the applicator was inoculated
into H. pylon broth (brucella broth plus 55% fetal calf serum
[we have recently switched to Trypticase soy broth for the
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inoculum in our disk susceptibility testing, without any
apparent effect on the growth characteristics of the isolates])
to produce a cloudy suspension (McFarland no. 3 to 4). The
same suspension of each isolate was used immediately for
each test. Although colony counts were not performed for
this experiment, our prior experience has shown that H.
pylon is very fastidious, and a McFarland no. 3 to 4
suspension generally yields counts of only 5 x 106 CFU/ml.

Steer's replicator agar dilution procedure. The H. pyloon
suspension was divided into aliquots (200 ,ul), and the
aliquots were placed into the wells of an aluminum seed
plate. The inoculating head was lowered into the wells,
raised, and then lowered onto a metronidazole-containing
horse blood agar plate. This was repeated for each metron-
idazole concentration. Plates were allowed to dry briefly and
were then incubated at 37°C in a 10% CO2 incubator. After 5
to 7 days, the plates were examined for visible growth. The
lowest concentration of antibiotic resulting in complete
inhibition of growth was taken as the MIC.
Tube broth microdilution procedure. H. pylon broth was

added to wells 2 to 12 of a 96-well sterile microtiter plate.
Metronidazole was added to wells 1 and 2. An automatic
microdilutor (Dynatech) was used to serially transfer from
wells 2 through 11. The H. pylon suspension was added to
the entire row of wells (e.g., rows 1 to 12); the final volume
in the wells was 200 pl. The plate was incubated for 5 to 7
days at 37°C in a microaerophilic environment (85% N2, 10%
CO2, and 5% 02 in a Campy bag [InfoLab]) and was
observed for growth (turbidity). A sterile transfer plate
(Dynatech) was placed into the 96-well plate and was then
transferred onto a horse blood agar plate. The agar plates
were then incubated in the microaerophilic environment
described above at 37°C for 5 to 7 days and then examined
for growth. Turbidity in the 96-well plate was used as an
indicator of the MIC, and growth on the horse blood agar
plate was used as an indicator of the MBC.

Modified Kirby-Bauer disk diffusion procedure. A swab
was dipped into the H. pylon suspension, squeezed out, and
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TABLE 1. Comparison between modified Kirby-Bauer disk
diffusion method and the Steer's replicator agar dilution procedure

for metronidazole susceptibility testing of H. pylon
Strain Disk diffusion Agar dilution
no. zone diam (mm) MIC (,ug/ml)

1 6 >32
2 6 >32
3 6 >32
4 6 16
5 6 >32
6 6 >32
7 6 4
8 9 4
9 9 2
10 11 2
11 13 1
12 14 1
13 16 4
14 18 4
15 20 0.25
16 23 2
17 25 1
18 28 1
19 30 2
20 30 8
21 30 2
22 32 0.25
23 38 2
24 40 0.5
25 40 1
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FIG. 1. Correlation between zone diameter and MIC.

streaked in three directions across a horse blood agar plate.
The plates were briefly dried, and then metronidazole disks
were added (6-mm disk containing 5 ,ug of metronidazole per
ml). The plates were incubated at 37°C in a 10% CO2
incubator for 5 to 7 days and then examined for the diameter
of the zone of growth inhibition.

Multiple replications of each test for each isolate were not
performed. We have previously evaluated numerous isolates
for the reproducibilities of the modified Kirby-Bauer disk
diffusion zone diameters and the Steer's replicator agar
dilution MICs, and both tests give consistent values for a
given isolate. Disk diffusion zone diameters are exactly
reproducible in several replications (this has been checked
for over 10 isolates). Furthermore, we have found the
Steer's replicator agar dilution to give consistent MICs when
the test has been repeated as many as four times for a given
isolate. Seven isolates were tested repetitively in this man-
ner by using the Steer's procedure, and results never varied
by more than one (twofold) tube dilution. It should be noted
that our clinical H. pylon isolates represent clones of a single
H. pylon colony from each patient, because it is our practice
to subculture a single colony after culturing H. pyloon di-
rectly from a gastric biopsy specimen. This eliminates any

discrepancies that might result from having more than one

phenotype present in the initial H. pyloon clinical isolate.
Clinical data. A retrospective review of our data base

revealed 44 patients who had received dual therapy (Pepto-
bismol; two tablets four times a day, and metronidazole, 500
mg three times a day, for 2 weeks) as their first treatment for
an H. pylon infection. None of the 44 patients had been
previously treated for H. pylon by any physician or had
known recent exposures to either drug. A pretreatment
gastric antral biopsy specimen for culture was obtained at
the time of upper endoscopy. The biopsy specimen was

placed in sterile saline and was immediately transferred to

our laboratory, where the specimen was minced, spread
onto a horse blood agar plate, and grown under microaero-
philic conditions as detailed above. The clinical isolates from
each patient were then individually tested for metronidazole
susceptibility by the modified Kirby-Bauer disk diffusion
method detailed above. We were blinded to the result of the
susceptibility testing until after our posttreatment assess-
ment of bacterial eradication, which was performed with a
[14C]urea breath test (15, 16) 4 to 5 weeks after the comple-
tion of therapy.

RESULTS

Twenty-five H. pylon strains were tested by both the
modified Kirby-Bauer disk diffusion method and the Steer's
replicator agar dilution procedure (Table 1). The correlation
between the MIC and the zone diameters was generally
good, with r = 0.74 (Fig. 1). The reported MIC of metron-
idazole for 90% of H. pylon tested was 1 to 4 ,ug/ml (15),
which corresponded to a disk diffusion diameter of approx-
imately 15 mm. The modified Kirby-Bauer disk diffusion
method was far easier to perform than the Steer's replicator
agar dilution procedure.
Eleven strains were tested by the tube broth microdilution

procedure, but it was difficult to maintain reproducible
growth in broth culture over several days with many of the
isolates. Overgrowth did not occur, despite the use of a
McFarland no. 3 to 4 suspension, because, as discussed
above, this suspension density is necessary when working
with the very fastidious H. pylon. The tube broth microdi-
lution procedure was a cumbersome and time-consuming
assay.
The bacterial eradication rate of dual therapy among

metronidazole-susceptible isolates (zone diameter, 215 mm)
was 81.6%, compared with a bacterial eradication rate of
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16.7% (P < 0.01) among metronidazole-resistant isolates
(zone diameter, <15 mm).

DISCUSSION

Less than 10 years from its initial isolation (17), H. pylon
(formerly Campylobacter pylon) is now accepted as the
major cause of active chronic gastritis (type B) (4, 5), and it
has been acknowledged as a significant etiologic agent in the
pathogenesis of duodenal ulcer disease (8, 21). Evidence is
accumulating for the role of H. pylon in the natural history of
gastric ulcer (9) and gastric carcinoma (19). The increasing
clinical significance of this infection necessitates effective
therapeutic strategies for its eradication.

Unfortunately, H. pylon is a relatively difficult infection to
treat. The gastric habitat offers sanctuaries beneath the
mucous layer and within the lumen of gastric glands and pits
that partially shelter H. pylon from the topical or luminal
effects of some antibiotics. Gastric acidity inactivates many
other antibiotics. Furthermore, H. pylon has shown a pro-
pensity to rapidly acquire resistance to many classes of
antibiotics after exposure to those agents in the form of
monotherapy. These include the fluoroquinolones, the mac-
rolides, the nitroimidazoles (including metronidazole), and
rifampin (1).
For these reasons, very few antibiotic combinations are

generally effective against H. pylon. The officially recom-
mended first-line therapy is commonly referred to as "triple
therapy," consisting of a 2-week course of bismuth, tetra-
cycline, and metronidazole (1). This generally provides an
eradication rate of between 80 and 90%. However, many
patients are intolerant of the side effects of such multiple
antibiotic therapy, with up to 50% of patients reporting some
degree of intolerance (3). Medication intolerance will affect
compliance, and it is has been shown that compliance is an
important factor in the success of triple therapy (10). The
presence of metronidazole-resistant H. pylon within the
study population has also been shown to have a considerable
impact upon the success of triple therapy; one recent report
on 40 patients noted a 90.5% bacterial eradication rate for
triple therapy (a 2-week course) against metronidazole-
susceptible strains but only a 31.6% bacterial eradication
rate against metronidazole-resistant strains (P < 0.01) (3).
Metronidazole-resistant strains accounted for 48% of that
study population from the United Kingdom. However, it
should be acknowledged that the precise impact of metron-
idazole resistance upon successful triple therapy is still a
controversial issue. Although others have reported a poor
performance (19% bacterial eradication rate) for a 1-week
course of modified triple therapy (bismuth, metronidazole,
and amoxicillin) against metronidazole-resistant strains (12),
this has been blamed on the duration of therapy. At least two
separate investigators have claimed that a 2-week course of
modified triple therapy can overcome metronidazole resis-
tance, with bacterial eradication rates against resistant
strains of 71% (6) and 63% (20), respectively. Nonetheless,
this stands in contrast to the 31.6% bacterial eradication rate
against metronidazole-resistant strains reported by Bell et al.
(3), who used a 2-week course of therapy.

It would thus be desirable to balance the need for simpler
and more easily tolerated therapies (to enhance compliance)
against the metronidazole resistance of specific patient iso-
lates. Such a balance could be struck by the use of pretreat-
ment metronidazole susceptibility testing to appropriately
guide initial therapeutic choices. Susceptible strains would
be treated with a metronidazole-based therapy. We report

here on the results of dual therapy (bismuth plus metron-
idazole) as a validation of the clinical utility of the modified
Kirby-Bauer disk diffusion method, and other reports have
found equivalent results for the efficacy of dual therapy (80%
effective against susceptible strains, but only 15% effective
against resistant strains) (22). Nonetheless, we would rec-
ommend the use of caution in the application of dual therapy
against selected metronidazole-susceptible isolates of H.
pylon when it is clear that triple therapy can achieve higher
eradication rates against such selected metronidazole-sus-
ceptible isolates, as noted above. Resistant strains, on the
other hand, may be treated with one of several proposed
second-line therapies, such as omeprazole-amoxicillin (re-
ported bacterial eradication rates as high as 82%) (2), ome-

prazole-clarithromycin (reported bacterial eradication rate
of 80%) (11), or bismuth-tetracycline-erythromycin base-
omeprazole (reported bacterial eradication rate of 70%) (13).
The modified Kirby-Bauer disk diffusion method of testing

for metronidazole susceptibility is easy to perform, corre-
lates well with the MICs obtained by the Steer's replicator
agar dilution procedure, and is clinically applicable. We
recommend its use for consideration in the selection of an

optimal approach to treating H. pylon infections.
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