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OBJECTIVE: The mechanism of false negative urea breath
tests (UBTs) results among proton pump inhibitor (PPI)
users is unknown. We studied the time course of PPI-
associated negative UBT, the relation to Helicobacter pylori
density, and whether gastric acidification would prevent
false negative UBT results.

METHOD: In the UBT experiment, H. pylori—infected volun-
teers received omeprazole 20 mg b.i.d. for 13.5 days. UBTs
with citric acid were done before, after 6.5 days of PP, and 1,
2, 4,7, and 14 days after therapy. In the culture and histology
experiment, after awash-out of >5 months, nine of the original
subjects were rechallenged with omeprazole for 6.5 days. An-
tral and corpus biopses for histology and culture were done
before and 1 day after PPl administration.

RESULTS: Thirty subjects (mean age 42 yr) were enrolled.
UBTs were significantly reduced on day 6.5 (p = 0.031); 10
subjects (33%) developed transient negative UBTs. The
UBT recovered in all but one subject by the fourth day
post-PPI and in all subjects by day 14. In the culture and
histology experiment, upon PPl rechallenge, three of nine
subjects (33%) had negative UBTs. H. pylori density,
whether measured by culture or histology, decreased with
PPI therapy; antral biopsies became histologically negative
in five subjects and corpus biopsies in three subjects.

CONCLUSION: PPI-induced negative UBT results were re-
lated to the anti-H. pylori effect of the PPI. Acidification of
the stomach did not prevent false negative UBT results.
Three days is likely the minimum delay from stopping PP
until one should perform atest for active infection. A delay
of 14 days is preferred. (Am J Gastroenterol 2003;98:
1005-1009. © 2003 by Am. Coll. of Gastroenterology)

INTRODUCTION

Proton pump inhibitors have a direct antibacteria effect on
Helicobacter pylori and in addition have been reported to
inhibit H. pylori urease activity (1-3). Fase negative urea
breath test (UBT) results have been reported to occur in as
many as 40% of individuals taking proton pump inhibitors
(4-13). Although the mechanism(s) remains unclear, severd,
not mutualy exclusive hypotheses have evolved to explain the
phenomenon. One is related to the effect of the proton pump

inhibitor on intragastric pH, which could make the intragastric
environment unattractive for H. pylori and thus indirectly re-
duce the bacteria load. Alternatively, the pH could be in-
creased sufficiently to close the postulated urea channel, Urel,
and thus reduce ured's access to H. pylori urease (14-16).

Besides the effect on pH, the known direct anti—H. pylori
antimicrobial effect of proton pump inhibitors could result
in a direct reduction in bacterial load below the critical
threshold of urea hydrolysis required for a positive test (8,
17-19). It has been postulated that the acidification of the
stomach by co-administration of citric acid and urea would
negate any pH effect of proton pump inhibitors and possibly
prevent false negative UBT results (20). An alternate but not
mutually exclusive explanation for a reduction in the pro-
portion of false negative UBTs relates to the ability of citric
acid to enhance H. pylori urease activity, possibly via en-
hanced delivery of urea to H. pylori urease (16, 17, 21).
Thus, the citric acid-induced increase in the apparent urease
activity could lower the threshold of bacteria needed to
produce a positive UBT and reduce the proportion of tests
with false negative results (17).

This series of experiments was designed to test these
various hypotheses. For example, if the primary effect of the
proton pump inhibitor was as an inhibitor of urease activity,
one would expect false negative urease tests with no reduc-
tion in bacteria load, and the adverse effect would not be
reversed by acidification of the stomach with citric acid. In
contrast, one would expect citric acid to prevent false neg-
ative tests if the effect was primarily related to an increase
in pH reducing access of urea to H. pylori urease. If the
effect was primarily related to the antibacterial effect of the
proton pump inhibitor, one would expect fal se negative urea
breath tests to correlate with a reduction in bacterial load.
We also asked how long one must delay urea breath testing
to prevent false negative tests and whether the phenomenon
was reproducible upon rechallenge.

MATERIALS AND METHODS

UBT Experiment

Healthy, H. pylori-infected volunteers underwent UBT test-
ing using acommercially available UBT that contains 75 mg
of 3C-urea and 2 g of citric acid (BreathTek UBT for H.
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pylori, Meretek, Nashville, TN) (21, 22). A positive UBT
was defined as the enrichment of *3C in the form of & over
baseline of 2.4 or greater. The volunteers then received
omeprazole 20 mg b.i.d. for 13.5 days. The UBT was
repeated on day 7 (after 6.5 days of proton pump inhibitor
therapy), and day 15 (post-therapy day 1, or 24 h after the
last dose of omeprazole). UBTs were aso performed on
post-therapy days 2, 4, 7, and 14. Breath testing was dis-
continued whenever two consecutive tests were positive.

Culture and Histology Experiment

In a separate experiment, after a wash-out period of >5
months, a subset of subjects who had participated in the first
UBT experiment underwent urea breath testing and upper
Gl endoscopy. Then, omeprazole 20 mg b.i.d. was admin-
istered for 6.5 days, and the UBT was repeated. Endoscopy
with biopsy was repeated on day 8 (approximately 24 h after
ending the proton pump inhibitor therapy).

At each endoscopy, both antral and corpus biopsies were
taken using jumbo forceps (Radid Jaw 3, Microvasive, Wa
tertown, MA). Biopsies of the grester and lesser curvature of
the mid-antrum (A2 and A5, respectively) and greater and
lesser curvature of the mid-corpus (B4 and B6, respectively)
were taken for histological grading. Each specimen was placed
in a separate bottle of 10% buffered formalin, processed, and
embedded on edge. Four-micron sections were stained with the
El-Zimaity triple stain (23).

H. pylori density and polymorphonuclear cell and mono-
nuclear cell infiltrations were scored using a semiquantita-
tive analog scale ranging from O (none) to 5 (innumerable)
(24).

Quantitative cultures were performed separately using
one antral and one corpus biopsy. Briefly, each biopsy was
removed from the transport medium (1 ml Brucella broth
with 20% glycerol) and homogenized as described previ-
ously. The homogenized tissues were placed back into the 1
ml of transport medium and vortexed. Fifty microliters of
each homogenized tissue specimen were removed and seri-
aly diluted 1:10 in sterile saline (10° to 10~ ° dilution).
Fifty-microliter aliquots of the diluted samples were re-
moved from the dilution tubes and plated onto one nonse-
lective (Brain Heart Infusion agar [BHIA; Difco Laborato-
ries, Detroit, MI] containing 7% horse blood [Cocalico
Biologicals, Reamstown, PA]) and one selective (BHIA
containing antibiotics) horse blood agar plate. All plates
were incubated at 37°C under 12% CO, for 7 days. The
density of H. pylori in each biopsy was determined by
multiplying the number of colonies on aplate by the dilution
factor, then by the factor of 20. Results are expressed as the
number of bacteria per biopsy specimen.

Effect of Omeprazole on H. pylori In Vitro

Thirty-four H. pylori isolates from volunteers completing the
culture and histology experiments were tested by agar dilution
to determine their susceptibility to omeprazole (AstraZeneca,
Wayne, PA) in vitro. Briefly, isolates were recovered from
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Figure 1. UBT results before, during, and after therapy with 20 mg
of omeprazole b.i.d.. Omeprazole therapy was associated with a
significant fall in mean UBT result (p = 0.031). DOB, delta over
baseline.

frozen stocks and transferred twice on nonsdective BHIA
plates containing 7% horse blood. Fresh Mueller-Hinton agar
(BBL, Becton Dickinson, Cockeysville, MD) plates containing
omeprazole ranging in concentration from 0.125 pg/ml to 256
pg/ml were prepared. Each agar plate wasinoculated with 3-5
wl of each adjusted inoculum [(A)g,s = 0.38—0.40]. The plates
were incubated at 37°C under CampyPak Plus (Becton Dick-
inson) conditions for 3 days. Minimum inhibitory concentra-
tion (MIC) values were defined as the lowest concentration of
omeprazole that completely inhibited visble growth of the
inoculum.

Statistical Analyses

Data were analyzed using SigmaStat (SPSS, Chicago, IL)
with two-tailed parametric or nonparametric tests, depend-
ing on whether the distribution of data was normal. Results
are presented as mean = SEM or, if the distribution was not
normal, as medians. For analyses in which there were re-
peated measures, we used the one-way repeated measures
analyses of variance. The pairwise comparison procedure
was with the Tukey test.

The studies were approved by the Institutional Review
Boards at Baylor College of Medicine and the VA Medical
Center, Houston, TX. All patients provided written, in-
formed consent before participation.

RESULTS

Thirty H. pylori-infected volunteers, 16 women and 14
men, mean age 42.5 yr (range 37-55 yr) were enrolled.
Proton pump inhibitor therapy was associated with a de-
crease in the mean urease activity (p = 0.031) and did not
return to the original baseline level until 2 days after ending
proton pump inhibitor therapy (Fig. 1). Ten of the volunteers
(33.3%) developed transiently negative UBT results, includ-
ing nine subjects with negative UBTs at day 6.5 and nine
subjectsat day 14 (post-PPI day 1) (Fig. 2). Follow-up of the
nine subjects with negative UBT test results at day 1 post-
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Figure 2. UBT results for the 10 subjects who developed transient
false negative UBT results during therapy with omeprazole. All
recovered by 14 days post-therapy. DOB, delta over baseline.

therapy showed that the tests remained negative in six
subjects at day 2 post-therapy. All tests had reverted to
positive by day 14 post-therapy (Fig. 2).

Culture and Histology Experiments

Nine subjects from the original study received a second
omeprazole challenge of 20 mg b.i.d. for 6.5 days. These
subjects included four of nine whose UBT became negative
by day 6.5, one that had a positive UBT on day 6.5 but a
negative UBT at day +1, and four whose UBT remained
positive throughout the UBT experiment.

There was a direct correlation between the H. pylori
density (i.e., average number of H. pylori per biopsy in the
antrum and corpus) and the UBT result (R = 0.60, R? =
0.35, p = 0.009) (Fig. 3).
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Figure 3. Therelation between the UBT result and the quantitative
culture results is shown. The results from both the antrum and

corpus for each patient are plotted. Theregression lineis shown (R
= 0.6, R? = 0.31, p = 0.009). DOB, delta over basdline.
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Figure 4. The effect of omeprazole 20 mg b.i.d. for 6.5 days is
shown for the nine volunteers who were rechallenged. The mean
UBT level fell, with three subjects (33%) having false negative
UBT results. DOB, delta over baseline.

Omeprazole therapy resulted in a significant decrease in the
mean UBT by day 7, with 33% of volunteers having negative
UBT results (Fig. 4). Three of the four with prior false negative
UBTSs experienced a negative UBT, whereas none of those
with positive UBTs throughout the first UBT experiment had
negative UBTSs in the second experiment. The fall in UBT
value was accompanied by afal in the density of H. pylori in
both the antrum (median score from 3 to 0) (p = 0.001) and
corpus (median score 2 to 1.5) (p = 0.003) as assessed by
histology or quantitative culture (Fig. 5). Thisfall in H. pylori
density resulted in many of the biopsies becoming negative for
H. pylori. For example, before omeprazole therapy, 100% of
the 36 gadtric biopsies were histologically postive for H.
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Figure 5. The results of quantitative culture for H. pylori before
and after omeprazole therapy is shown separately for the antrum
and the corpus. Pre-omeprazole, the H. pylori, density was higher
in the corpus than in the antrum and fell more precipitously.
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pylori. Post-therapy, only 19 (52.7%) showed H. pylori, and in
many others the score was 1 (only one H. pylori per entire
jumbo biopsy specimen). In 33% dl biopsiesin the antrum and
corpus were negative for H. pylori.

Of the 34 isolates from nine subjects that were available
for analysis of omeprazole susceptibility, 6/34 (18%) had an
MIC of 16 ug/ml, 26/34 (76%) had an MIC of 32 pg/ml,
and 2/34 (6%) had an MIC of 64 ug/ml. There was no
correlation between the susceptibility pattern of the isolate
and the UBT response.

DISCUSSION

The results of these experiments are consistent with the
notion that the primary effect of proton pump inhibitor
therapy is to reduce the density of H. pylori in the stomach
(6-8, 19, 25-30). Prior studieswere not designed to directly
examine the relationship between H. pylori density and
UBT result. The proportion of UBT with inability to detect
H. pylori hasvaried, being 11% in the study by Logan et al.,
21% in our previous study, 33.6% in the study by Stolte and
Bethke, and 33% here (6—8). Cultures were not negative but
frequently had only one colony despite the use of jumbo
forceps. Cultures were negative in 61% in the study by
Kuipers et al. (29), but they used smaller biopsy specimens.
These results are consistent with our previous study, in
which we showed a relationship between the distribution of
H. pylori in the stomach and the proportion of patients with
negative *C-UBTs (8). For example, 40% of those with
negative histology in either the antrum or corpus had false
negative UBTs, compared with 11% of those with both
antrum and corpus positive histologies (8).

Although there are data suggesting that high pH indepen-
dent of proton pump inhibitor use (e.g., with an H,-receptor
antagonist) may be associated with reduced urease activity
as assessed by the UBT, the results have not been consistent,
and the possible mechanisms are many (11, 31-36). Of
interest, data from Parente et al. (37) suggested that proton
pump inhibitors might differ in their ability to influence the
UBT. In that study, pantoprazole use was not associated
with false negative UBT results and, if confirmed, these
results suggest that proton pump inhibitors may differ in
their ability to influence H. pylori density in the stomach.
The fact that pantoprazole is known to markedly influence
gastric pH is consistent with pH not being a critical variable
with regard to the *3C-UBT. Nonetheless, the reported false
negative results with H,-receptor antagonists remain unex-
plained, and the mechanism is currently under investigation.

It is possible that one difference between the results reported
relates to the form of the UBT. For example, it is possible that
the mechanisms of false negative or false positive results with
the C- and the *C-UBTs may differ. Differences would be
unlikely to be due to differences in the substrates but would
more likely result from fundamental differences in the tests
(22). The main difference between the two types of test is that
thetypical **C-UBT employsaminuscule amount of subsirate,
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and the tiny amount of substrate makes substrate exhaustion,
exit from the stomach before reacting with H. pylori urease,
and/or insufficient amount for it to be distributed widely within
the stomach potentially critical factors. This study directly
addressed the hypothesis that acidification of the ssomach with
citric acid to “standardize”’ the intragastric pH would prevent
false negative *C-UBT results; it did not (20). Because citric
acid enhances urease activity in vivo (21), it is possible thet the
proportion with false negative UBT results was reduced com-
pared with a test without citric acid, as citric acid could act to
enhance urease activity among the population of surviving H.
pylori. These results suggest that it may not be possible to
congtruct aUBT that can overcome the marked reduction in H.
pylori that occurs in some patients in associaion with proton
pump inhibitor use (17). Although the smal sample size of this
study and the lack of data points between the intervals chosen
mede it impossible to define the exact interval needed to be
completely confident that false negetive tests had been ex-
cluded, the results are completely consistent with the results of
large studies showing that 2 wk is sufficient (37) and that the
minimum interval to discontinue proton pump inhibitors is at
least 3 days before using the UBT to assess H. pylori status.
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