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Effect of pH Variation on the 
Susceptibility of Helicobacter pylori 
to Three Macrolide Antimicrobial 
Agents and Temafloxacin 

G.J. Malanoski 1'3, G.M. Eliopoulos 1,3., 
M.J. Ferraro 2'3, R.C. Moellering Jr. 1,3 

The in vitro susceptibility of  27 clinical isolates of  
Helicobaeter pylori to erythromycin, darithro- 
mycin, azithromycin and temafioxacin under 
various pH conditions was evaluated. Clarithro- 
mycin (MIC90 0.03 ~ag/ml) was found to be sig- 
nificantly more active than either erythromycin 
(MIC90 0.125 ~tg/ml) or azithromycin (MIC90 
0.25/ag/ml) at a neutral pH. Lowering the pH to 
5.75 resulted in a loss in efficacy from 8- to 32-fold 
for all three macrolides studied. The MIC90 of 
clarithromycin (0.5 ~ag/ml) remained lower than 
those of  azithromycin (2 lag/ml) and erythromycin 
(4 ~g/ml). No synergism or antagonism was ob- 
served with combinations of clarithromycin and 
temafloxacln at either the neutral or lower pH 
values. 

The association be tween pept ic  ulcer disease and 
the presence of Helicobacterpylori has been  well 
established (1, 2). As a result, much emphasis  has 
been  placed on the t r ea tmen t  of  gastritis and 
ulcer disease with regimens which include anti- 
microbial  agents. Helicobacter pylori is suscep- 
tible in vitro to a variety of  antibiotics, including 
peniciUins, cephalosporins ,  tetracyclines, macro-  
lides and quinolones,  as well as to bismuth com- 
pounds (2-7). This has led to clinical trials utiliz- 
ing antimicrobials alone or in combination with 
these other compounds, with varying degrees of 
success. The  discordance be tween the in vitro ac- 
tivity and in vivo effectiveness of antimicrobial 
agents is not completely understood, but may re- 
late in part to diminished activity of these drugs at 
a reduced pH (8). 
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In the present study, 27 clinical isolates of Helico- 
bacter pylori were evaluated for in vitro suscep- 
tibility to erythromycin, clarithromycin, azithro- 
mycin and temafloxacin under various pH condi- 
tions. The effect in vitro of combinations of 
clarithromycin with temafloxacin also was inves- 
tigated at neutral and lower pH ranges. 

Serial two-fold dilutions of clarithromycin and 
temafloxacin were added in combination to brain 
heart infusion agar supplement with 7 % lysed 
horse blood for evaluation of synergism or anta- 
gon!sm. Interactions were considered synergistic 
if the FIC index was < 0.5 and antagonistic if the 
FIC index exceeded 4. 

Materials and Methods. The 27 Helicobacter 
pylori isolates were obtained from gastric 
mucosal biopsy specimens from the Mas- 
sachusetts General and New England Deaconess 
Hospitals, Boston, MA. All isolates were 
removed from storage at -70 °C and subcultured 
on brucella agar containing 5 % horse blood 
(BBL Microbiology Systems, USA). Subcultures 
were incubated at 35 °C under microaerophilic 
conditions (BBL Campy Pak Plus) for 96 hours 
and for two passages to ensure reliable growth. 

Antimicrobial agents utilized included erythro- 
mycin (Eli Lilly, USA), clarithromycin (Abbott 
Laboratories, USA) azithromycin (Pfizer 
Laboratories, USA) and temafloxacin (Abbott 
Laboratories). MICs were determined by an agar 
dilution technique in which serial two-fold dilu- 
tions of antimicrobials were added to brain heart 
infusion agar (Difco Laboratories, USA) supple- 
mented with 7 % lysed horse blood (3). The pH 
was measured using a surface pH probe and ad- 
justed to a pH range of 5.7-6.0 and 7.8-8.0 by the 
addition of hydrochloric acid or sodium 
hydroxide. Inocula were prepared by suspending 
each isolate in brain heart infusion broth to a den- 
sity of a MacFarland no. 1 standard (5 x 108 
cfu/ml). A multiprong inoculating device was 
used to place approximately 5 x 10 ~ cfu per spot 
onto the prepared antimicrobial containing 
media. Following four days of incubation at 35 °C 
under microaerophilic conditions, plates were ex" 
amined for growth. The MIC was defined as the 
lowest concentration of antimicrobial that in- 
hibited colony growth. Escherichia coli ATCC 
25922 and Staphylococcus aureus ATCC 29213 
were used as control strains. 

Results and Discussion. Table 1 summarizes the 
in vitro susceptibility of the 27 isolates of Helico- 
bacter pylori at various pH ranges. At a neutral 
pH of 7.4, clarithromycin (MIC90 0.03 ~tg/ml) was 
significantly more active than either erythro- 
mycin (MIC90 0.125 lag/ml) or azithromycin 
(MIC90 0.25 ~tg/ml). The MIC90 increased 8- to 
32-fold for the three macrolides as the pH was 
reduced to 5.75. However, the MIC90 of 
clarithromycin (0.5 rtg/ml) remained well within 
clinically achievable concentrations and lower 
than those of azithromycin (2/ag/ml) and erythro- 
mycin (4/ag/ml). At a pH of 7.91, the exquisite in 
vitro activity of clarithromycin was maintained 
(MIC90 < 0.015 ~ag/ml) and remained significant- 
ly greater than that of erythromycin (MIC90 
0.125 lag/ml). 

Temafloxacin alone had moderate activity 
against Helicobacter pylori (MIC90 2.0 ~ag/ml) at 
a neutral pH but also lost activity at the lower pH. 
When this agent was used in combination with 
clarithromycin at the neutral and lower pH ran- 
ges, neither synergism nor antagonism could be 
demonstrated, all FIC index values falling be- 
tween 0.625 and 3 (data not shown). Although 
temafloxacin has been withdrawn from clinical 
use since this study was performed, these data 
which fail to show a significant interaction be- 
tween macrolides and a quinolone may be useful 
in the design of future combination regimens. 

There has been a discrepancy between the in vitro 
activity and the clinical efficacy of several anti- 
microbial agents in the clearance of Helicobacter 
pylori from the gastric mucosa in the presence of 
peptic ulcer disease (9, 10). The local environ- 

Table 1_. MICs 0ag/ml) for 27 clinical isolates of Helicobacterpylori at varying pH values. 

Antimicrobial pH 5.75 pH 7.4 
agent 

Range MIC50 MIC90  R a n g e  MIC50 MIC90 

pH 7.91 

Range MIC50 MIC90 

Erythromycin 0.25 - > 4 2 4 0.06 - > 4 0.125 0.125 
Clarithromycin 0.06 - > 4 0.25 0.5 < 0.015 - > 4 0.015 0.03 
Azithromycin 0.125 -> 4 2 2 0.25 -> 4 0.25 0.25 
Temafloxacin 0.25 -4 1 4 0.25 -2 1 2 

0.06 ->4 0.125 0.125 
< 0.015 - 2 < 0.015 < 0.015 

ND 
ND 

ND = no data. 
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.ment of the gastric mucosa may play a crucial role 
m this observation, particularly with respect to 
pH variability (2). McNulty et al. (11) have shown 
that erythromycin and ciprofloxacin were ineffec- 
tive despite high gastric mucosal concentrations. 
Also, failure to eradicate Helicobacter pylori 
during t reatment  with azithromycin alone has 
been associated with development of resistance 
to this agent (12). Whether  reduced activity of 
this drug under local pH conditions might have 
contributed to the frequency with which resistant 
clones can be selected is an interesting point of 
Speculation. Emergence of resistance during 
treatment is yet another reason why combination 
regimens appear particularly attractive for treat- 
ment of  this condition. 

Grayson et al. (8) observed a 2- to 8-fold loss in ef- 
ficacy of six antimicrobial agents, including am- 
pieillin, clindamycin, erythromycin and cipro- 
floxacin when the pH was lowered to a range of 
5.7-6.0. The MIC90 often increased beyond clini- 
cally feasible serum concentrations. However, a 
pH below this range failed to support adequate 
growth of Helicobacter pylori for reliable suscep- 
tibility testing. The results of the present inves- 
tigation suggest that the relative preservation of 
in vitro activity at a reduced pH may favorably in- 
fluence the clinical efficacy of clarithromycin in 
the t reatment  of peptic ulcer disease. In fact, 
Logan et al. (13) have shown that eradication of 
this organism was maintained in 20 of 25 patients 
four weeks following the conclusion of combina- 
tion therapy with clarithromycin and omeprazole, 
a proton pump inhibitor which also directly sup- 
presses Helicobacter pylori in vitro. Larger clini- 
cal trials with clarithromycin in combination with 
acid reducing compounds appear to be war- 
ranted. 
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