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The sensitivities to penicillins and to a penicillin and b-lactamase inhibitor combination agent were
determined for Helicobacter pylori strains that were sensitive, moderately resistant, or highly resistant to
amoxicillin. All strains were resistant to nafcillin and oxacillin. Moderately resistant strains showed an
intermediate zone of inhibition to ticarcillin, mezlocillin, piperacillin, and amoxicillin-clavulanic acid. High-
level resistance was associated with the smallest zone size for all penicillins tested.

The reliable treatment of Helicobacter pylori infection has
been difficult, and successful regimens generally require two or
more antimicrobial drugs coupled with an acid inhibitor (3, 6).
Results with the dual therapy that combined omeprazole with
amoxicillin have varied widely (8–10). We have recently iden-
tified amoxicillin-resistant H. pylori bacteria from patients from
both the United States and Italy (1). This study investigated
the sensitivity patterns of these H. pylori isolates to different
penicillins.

Isolates. Six amoxicillin-resistant H. pylori strains isolated
from three patients with peptic ulcers from the United States
and 14 amoxicillin-resistant strains isolated from dyspeptic pa-
tients from Sardinia, Italy, were used. The strains were stored
at 280°C for 5 to 10 months in cysteine-Albimi broth medium
containing 20% glycerol (4). Before and after storage at
280°C, the MIC of amoxicillin was assessed by the E-test
method (4).

b-Lactamase assay. The chromogenic cephalosporin
method was used to test for the production of b-lactamase.
Cefinase disks (Becton Dickinson Microbiology Systems,
Cockeysville, Md.) impregnated with nitrocefin, a chromogenic
cephalosporin, were moistened with a drop of sterile distilled
water. Several well-isolated colonies of H. pylori from the agar
plate were selected and smeared over the disk surface. b-Lac-
tamase activity was identified by a change in the color of the
chromogenic cephalosporin after incubation at room temper-
ature for up to 2 h. Staphylococcus aureus (ATCC 29213)
served as the positive control (7).

Amoxicillin gradient plates. Frozen strains that were amoxi-
cillin resistant prestorage, as well as strains that were never
resistant to amoxicillin, were cultured onto brain heart infusion
(Difco Laboratories, Detroit, Mich.) agar plates containing 7%
defibrinated horse blood (Cocalico Biologicals, Reamstown,
Pa.) (BHIB agar plates) and incubated for 3 to 5 days at 37°C
in 12% CO2 and 100% relative humidity. Amoxicillin resis-
tance in amoxicillin-tolerant H. pylori bacteria was restored by
using a modification of the method described by Kim and
Anthony (5) as previously described (1).

Bacterial suspensions. The H. pylori strains used in this
study were (i) five prestorage amoxicillin-resistant H. pylori

isolates (SS234, SS260, SS158, SS211, and BLMA) character-
ized by high levels of amoxicillin resistance (32 mg/ml deter-
mined on gradient plates), (ii) 12 prestorage amoxicillin-resis-
tant H. pylori isolates (SS47, SS70, SS128, SS130, SS93, SS96,
SS263, BLMC, WLRA, WLRC, 93IAA, and 93IAC) for which
MICs were 2 mg/ml, and (iii) three amoxicillin-sensitive strains
(Mp4, SS204, and SS88) for which MICs were 0.016 mg/ml. All
H. pylori isolates were grown on BHIB plates for 3 to 4 days at
37°C in 12% CO2 and 100% relative humidity. Each plate was
swabbed with a cell suspension in sterile saline equivalent to a
2.0 McFarland standard.

Antibiotics tested included ampicillin (10 mg), penicillin (2
IU), oxacillin (1 mg), ticarcillin (75 mg), mezlocillin (75 mg),
nafcillin (1 mg), piperacillin (100 mg), and amoxicillin-clavu-
lanic acid (10 and 20 mg) (BBL, Becton Dickinson Microbiol-
ogy Systems). Mueller-Hinton agar plates (diameter, 150 mm)
containing 5% sheep blood (BBL) were covered with each cell
suspension to produce a lawn of bacterial growth. Disks were
aseptically placed onto the dried surfaces of the inoculated
plates. The diameters of the zones of inhibition were measured
after incubation at 37°C for 72 to 96 h in an atmosphere with
100% relative humidity and 12% CO2. All disk diffusion tests
were performed in duplicate.

There are no standard, published, disk zone diameter break-
points for any antimicrobial agent for H. pylori. For each an-
tibiotic, the mean zone diameters were taken as the inhibitory
zone.

Twenty H. pylori strains obtained prior to antibiotic therapy
from 17 patients were used in this study. Seventeen isolates
were initially resistant to amoxicillin, with MICs for all strains
greater than 256 mg/ml, as determined by the E test. The
susceptibility to amoxicillin was also tested by using the agar
dilution method, and similar levels of resistance were deter-
mined (unpublished data).

No b-lactamase activity was detected in any of the amoxicil-
lin-resistant H. pylori strains by the nitrocefin assay. When we
used an adaptation of the gradient agar plate method previ-
ously described (5), five resistant strains grew in media con-
taining 32 mg of amoxicillin per ml and 12 strains grew in media
containing 2 mg of amoxicillin per ml. All H. pylori strains
regardless of their sensitivity to amoxicillin were resistant to
nafcillin and oxacillin as determined by their almost complete
lack of inhibition zones (#7.6 mm) (Table 1). Isolates sensitive
to amoxicillin showed the largest zones of inhibition with all
other penicillins tested. All strains with a high level of amoxi-
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cillin resistance ($32 mg/ml) showed the smallest inhibition
zone diameters against all penicillins tested (Table 1). The 12
strains for which amoxicillin MICs were 2 mg/ml demonstrated
zone diameters with ticarcillin, mezlocillin, piperacillin, and
amoxicillin-clavulanic acid that were of intermediate size.

Of 121 treatment studies of omeprazole plus amoxicillin
(4,137 patients) the intention-to-treat analysis showed that the
cure of H. pylori infection averaged only 59% (95% confidence
interval, 58 to 61%). The overall eradication rate (total of
5,725 patients) was 61% (95% confidence interval, 59 to 62%)
(8). Resistance to penicillins occurs by the decreased activity of
b-lactamases, the binding of the antibiotic to target penicillin-
binding proteins (PBPs), possible efflux mechanisms, or outer
membrane permeability, especially in gram-negative bacteria.
The resistance of these H. pylori isolates was not due to b-lac-
tamase production. Amoxicillin resistance was associated with
minimal bactericidal concentration/MIC ratios of $32, indicat-
ing that H. pylori bacteria resistant to amoxicillin demonstrated
a tolerance to the antibiotic (1).

PBPs are a set of enzymes responsible for the terminal
stages of peptidoglycan biosynthesis. PBPs are also a group of
target enzymes for the b-lactam antibiotic family. Amoxicillin-
tolerant H. pylori strains with high levels of amoxicillin resis-
tance showed cross-resistance to all the other penicillins tested,
consistent with our observation that penicillin-resistant H. py-
lori bacteria lack a PBP with a molecular weight of 30,000 to
32,000, termed PBP D (2). It appears likely that alterations in
PBPs might affect the sensitivity to all penicillins tested, not
just amoxicillin or penicillin, such that cross-resistance to other
penicillins excludes the possibility of replacing amoxicillin with
other penicillins. Amoxicillin resistance among H. pylori strains
may reflect the indiscriminate use of b-lactam antibiotics.
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TABLE 1. Sensitivities of 20 H. pylori isolates to penicillins, determined by the disk diffusion method

Resistance
level

Amoxicillin MIC
(mg/ml)a

Mean zone of inhibition (mm)b

Amp Pen Oxa Ticar Mez Naf Pip Amox-Clav

Sensitive 0.016 27.1 23.8 6.4 39 38.5 6.4 39.4 42.8
Low 2 20.8 19 6.4 35.2 31.5 7.6 31.1 34.9
High .32 19.4 18.3 6.4 27 26.5 6.4 25.7 29.2

a Determined by agar dilution.
b A value of 6.4 mm is the size of the disk; i.e., there is no zone of inhibition. Amp, ampicillin; Pen, penicillin; Oxa, oxacillin; Ticar, ticarcillin; Mez, mezlocillin; Naf,

nafcillin; Pip, piperacillin; Amox-Clav, amoxicillin-clavulanic acid.
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